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NÀMt d  
 
À.Àt  
ʯ ʤƐĴˡǻǘǩ˜ʽ˴£ǻˡĤƩɆˢʶɐǕĂ¿ʶƦƆŏÜʶK«ƦƗˋ˝ˡ¢ŏ˟
ƼʤˡƵǙǖǷ̶̞̓́̽̿̈́˂˲Ŏúˌ˵ʶ
ĿƵǙǑˡ
˜ˮŌ˭˛ȝʐ˟ǖǷŎǎ˸
ƴˏʷ£ǻƩɆˡʭÙ˟œǸƦƗˠˢʶƦƛɤƻ˜ˊ˵˲ˡ¢ŏ˟̶̞́̽̿˃Įɿˁ˱˥
ƿɿɐˠˁʾ˛Ǐ¹˟Sé˸rˈ˛K_˸ɟˉʶƐ±ˡ̶̞́̽̿yˡđǡˠ˱˳ʶǦ¹
˟ƵǙɋ˃âúˌ˵˴ˊ˝˃ɴȞ˜ʽ˴ʷˍ˂ˍ˟˃˲ɔÔ˪˜ʶ£ǻƩɆˡƵǙÕǖǷ˂
˲¢ŏ˟̨̋̕˽̩ˡ̶̞́̽̿˃Ɯƛˌ˵˴œŎˠ˙ʾ˛ˢĬ˟Ƈ˃¢˂˘˕ʷĸǃ˜
ˢʶ£ǻƩɆ˸Ŏǎˍ˛ʾ˴¢ŏ˟̶̞́̽̿˃˞ˡ˱ʿˠƜ˫Jˌ˵˴ˡ˂˝ʾʿƇˠ˙ʾ
˛ɔÔˡưȟ˸ˠȷˎʶĸƲƾˡƫƧ˝˓ˡöǮ˸ēƴˏ˴ʷ 
 
À.Át \Fg.3k 
ʯ £ǻƩɆ˸Ŏúˏ˴̶̞́̽̿ˢ˙ˡȞ˟̹̆̏ˠKʤˌ˵˴ʷ˙ˢ̻̱̇̿̕ɰ˸
ƵǙ ɥƏɆ˝ˍʶȄ¦ñ̝̩̍̏˸âúˏ˴Ă¿̶̞́̽̿˜ʶɧĥˠɐǕ˸Ă¿ˏ˴ǖ
Ƿǭ˂˲˟˴ʷĂ¿̶̞́̽̿ˢ£ǻƩɆˡŎú̶̞́̽̿ˡǒ 80%˸g˭ʶ˓ˡ¢ˆˢ£ǻ
ƩɆˡȘÆˠzˈ˛ÃǄőƑǁɈ˸"Åˏ˴ɹ&̓pyramidal cell̈́ˡǖǷâø˸ƴˍʶ£
ǻƩɆ˂˲ƩɆ¡ʶˁ˱˥£ǻƩɆˡŏʸ˟ʠɿ˸ɝǜˏ˴œǸ˸ľ˕ˏʷŚ˳ˡ 20%ˢ
ʰ˻̱̠ɮɰ̓gamma-aminobutyric acid: GABÄ́˸ƵǙ ɥƏɆ˝ˍ˛āSñ̝̩̍̏˸â
úˏ˴̶̞́̽̿˜ʽ˳ʶˊ˵˲̶̞́̽̿ˢÄýƧ˟đǡ˸ȕʿˊ˝˜ʶƵǙɋˡŨñ
˸ȶǌˏ˴œǸ˸Ćʿʷ£ǻƩɆˢˊ˵˲ˡ̶̞́̽̿ˡʿ˗ʶ̻̱̇̿̕ɰ(\ñĂ¿̶̞́
̽̿ˡŎú˝ɬǫˡɦʾˠ˱˘˛ʶȘÆ7˱˳ǅͅÆ˂˲ǅ͊Æ˪˜ˡĬƳ˟ 6 ÆˡŎɜ˸O
Pˏ˴ˊ˝˃˜˄˴ʷˊ˵˲ 6Æˢˌ˲ˠʶȘÆ7ˠ$ǫˏ˴Ǽ̶̞̽̿(ǅ 14Æ)˝Æ
ˠ$ǫˏ˴ŰǼ̶̞̽̿ (ǅ 5/6Æ)ˠKˈ˴ˊ˝˃˜˄˴( 1.ͅA)ʷŰǼ̶̞̽̿ˢ£ǻ
ƩɆ˂˲ƩɆ¡˧˝ô˸ ɥˏ˴œǸ˸Ć˘˛ˁ˳ʶȡ× (thalamus)ˡŏʸ˟ń˧˝Ă¿
ˏ˴ƩɆȡ×Ă¿̶̞́̽̿̓corticothalamic neuron̈́ʶǻÕ˯ǹʬ˧˝Ă¿ˏ˴ƩɆĂ¿
̶̞́̽̿̓subcerebral projection neuron̈́˸|ˬ ( 1.1B)ʷˊ˵ˠ½ˍ˛Ǽ̶̞̽̿ˢʶ
£ǻƩɆˡy7ƩɆʶ˪˕ǻŅ˸ˍ˛½7ƩɆˠɐǕ˸Ă¿ˏ˴̶̞́̽̿˜ʽ˳ʶƩɆʱ
ƩɆɿˡɝǜˠ˱˳ʭŕǻœǸ˸ƬđĆʿ( 1.1C)ʷˊˡǼ̶̞̽̿ˢǹŊ\Əˡɞ_
 5 
ˡɤƻˠˁʾ˛ðɛˠƦɥˍʶˊ˵˲Ǽ̶̞̽̿ˡğˡYˠ˱˳ʤ˜N˭˛ÆŎ
ɜ˸Ɣèˍ˕ˊ˝˃ʶ£ǻĤƩɆˡƔè˧Ȃ˘˕Ȟ˝ˍ˛ǯˀ˲˵˛ʾ˴ʷˌ˲ˠʶ
ʤ˜ˢƢ˟˴÷Ȣô˸Iƙˏ˴ʠɵˋ˝ˠˊ˵˲ˡ͊ÆŎɜ˸0ʨˏ˴ˊ˝˜ʶ͇ŕ:ˡƸ
Øǂ˘˕ƵǙɋǣ˸Ŏǎˏ˴ˊ˝ˠ˱˘˛ʶ˱˳ʭŕˡô˸Iƙˏ˴ˊ˝˃uǸˠ˟˘˕
˝ǯˀ˲˵˛ʾ˴ʷ 
 
À.Ât \Fg3#¨µ¾»½ 
ʯ ǻˢōïƧˠˢķņ°˂˲r·ˍ˕÷Ȣô˸Ǟxˍʶǚľ˸JXˏ˴IƙȚǫ˝Čˀ
˴ˊ˝˃˜˄˴ʷˊˡôˡ@JX˸ˏ˴ˡ˃ʶ£ǻƩɆ˜ˢTɖˍ˕̻̱̇̿̕ɰ(\ñ
̶̞́̽̿ˠȯáˏ˴ʷ£ǻƩɆ˂˲ˡJXˢ<ˠɖ˨˕ɹ&ǖǷˡĂ¿̶̞́̽̿˃Ć
˘˛ˁ˳ʶŐƧǖǷ˧ɐǕ˸"ÅˍʶɔʎˡǖǷʶ˪˕ˢɧ$ˡǖǷ˝̝̩̍̏˸ˍ˛Ȅ¦
ñ ɥ˸ȕ˘˛ʾ˴ʷĂ¿̶̞́̽̿ˢ£ǻƩɆˡŰÆ̀Æ˝ˮg˭˴˃˓ˡ̨̋̕˽̩ˠ
˱˘˛Ă¿<̓JẌ́˃Ƣ˟˳ʶǅ 5/6ÆˡŰǼ̶̞̽̿ˢǹʬ˯ǻÕǈˠđǡˏ˴ˊ˝˜ɢ
\ˡSé˯ƛǢĈ˝ʾ˘˕ĸƧ˟ǻœǸ˸ľ˕ˏʷ³ʌˠˊ˵˲ˡ̶̞́̽̿ˢƎȑʤ
˜ˮ˱ˆƦɥˍ˛ˁ˳ʶǹŊ\Ə˜/­ˌ˵˛ʾ˴ʷĥ˜ʶ£ǻƩɆˡǼ̶̞̽̿ˡʿ˗
ǅ 2/3 ÆˢƩɆʱƩɆɿˠĂ¿ˍʶ@XôˡǞx˸ȕʿ̶̞́̽̿˃g˭˴ʷǼ̶̞̽
̿ˢʤ˜ʣȍˠƦɥˍ˛ʾ˴˃ʶƐˠʔɼʤ˜ˢ£ǻƩɆˡȘʘƽˡć£ʶˁ˱˥˓
˵ˠ!ʿǻ̓ˍ˷̈́ˡâúˠ˱˳˓ˡğ˃£ˍʶȝʐ˟ȱȺ˯˓˵ˠ˚ʾ˕ǞxƧȕ\
Ţ±˝ʾ˘˕ʭŕǻœǸ˸ěĈˍ˛ʾ˴ʷˊ˵ˠ½ˍʶ£ǻƩɆˡ@XǑˢķņ÷Ȣ°
̓ƮʶǱʶƩǿ˟˞̈́˂˲ȝğˡ
ǠƇ˸Ǚ˕ƵǙ ɥ˃£ǻƩɆˡͅ˙þTˡȡ×ˠR
ɥˍʶĳǗƧˠȡ×˂˲£ǻƩɆÆˡʿ˗ˡǅ͈Æˡ̶̞́̽̿ˠ@Xˏ˴ʷǅ 4 Ǽ̶̞
̽̿ˢǅ 2/3 Æ˯ǅ 5/6 Ǽ̶̞̽̿˝yˎ̻̱̇̿̕ɰ(\ñ̶̞́̽̿ˡ̹̆̏ˠ|˪˵˴
˃ʶɹ&ǖǷ˝ˢƢ˟˳ʶapical dendrite ˸ˮ˕˟ʾĴŇĭƑǖǷ̓spiny stellate cell̈́ˡǖǷ
âø˃˓ˡ£d˸g˭ʶˊ˵˲˃Ƭđȡ×ɐǕˡ̝̩̍̏ ɥ˸r·ˍ˛ʾ˴˝ǯˀ˲˵˛
ʾ˴( 1.1)  
ʯ ˡƇ˸˦˪ˀ˴˝ʶ£ǻƩɆˡŎú̶̞́̽̿ˡʿ˗ŰǼ̶̞̽̿ˢĸƧ˟ǻœǸ
˸Ćʿˡˠ½ˍ˛ʶǼ̶̞̽̿ˢʭŕǻœǸˠ¸ˍ˛ʾ˴˝ǯˀ˲˵˴ʷ³ʌˠ̛̤ˠˁ
ʾ˛ʶÊvˡ£ǻdƘ˸ɝǜˏ˴ǻŅǥǢ(80%˃Ǽ̶̞̽̿ˡɐǕ˜Ŏúˌ˵˛
ʾ˴)ˡŔĖ˜ˢʶąȾĒƙʶʢȦŢʶȅ_˝ʾ˘˕ʭŕǻœǸˡʍ¶˸!ʿˊ˝˃~
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ˌ˵˛ʾ˴(Paul et al., 2007)ʷˌ˲ˠɞ_ƧȤƇ˂˲˫˴˝ʶǼ̶̞̽̿ˢɔÔˠ£ǻˡ
ƵǙɋˠY˷˘˕ʔɼʤˡʭÙ˟ǻœǸ˸ěĈˏ˴̶̞́̽̿˜ʽ˴ˊ˝˃ǯˀ˲˵˴
(Aboitiz and Montiel, 2003; Schoenemann et al., 2005)ʷ 
 
À.Ãt JRP[\Fg# 
ʯ Tǌ˜ɖ˨˕˱ʿˠʶ£ǻƩɆ˸Ŏúˏ˴̶̞́̽̿ˢ¢ŏ˜ʽ˴˃ʶ˓ˡɈźˢˡ
Ŀ
ƵǙǑǘǩ˝yŏˠʶeǓ˟ÆˡƵǙƩǖǷÆ˂˲¨˪˴ʷƵǙǋ˃ɽɺˍ˕æˡƵ
ǙƩǖǷˢʶTĥǴ7ʠ˜£ǻƩɆƵǙÕǖǷ˝ˍ˛Kș˸Ǫ˳ɕˍʶ£ǻƩɆk
˸âúˏ˴ʷˌ˲ˠƦƛ˃ɞȕˏ˴˝ʶ£ǻƩɆTʪǖǷˢƵǙǋˡDǼˠʽ˕˴ǻ´ʘˠ
đˍ˕ʶǻ´Ð˝˱ˣ˵˴KșǖǷÆ˸âúˏ˴ʷǻ´ÐˡƵǙTʪǖǷˢ£ǻƩɆâú
Nĵˠˢ½ƹKșˠ˱˳ȁÌȝȜ˸ȕʿ˃ʶ̶̞́̽̿Ɯƛĵ˂˲Kș̴̜́˸L˳Ĳˀʶͅ
˙ˡÕǖǷ˃ʗ½ƹKș˸ȕʾͅ˙ˡƵǙTʪǖǷ˝̶̞́̽̿˸Ɯƛˏ˴ʷ£ǻƩɆˡƵ
ǙÕǖǷˢˊˡʗ½ƹKșˠ˱˘˛ʶƵǙÕǖǷ˸ǢĈˍ˟˃˲̶̞́̽̿˸ÑĮƜƛˍ˛
˰˄ʶŌ˭˛¢ˆˡǖǷ˸ƛ˫Jˏˊ˝˃uǸˠ˟˘˕˝ǯˀ˲˵˴ʷ³ʌˠ£ǻƩɆ˸Ŏǎ
ˏ˴̶̞́̽̿˃˞ˡ˱ʿˠƜ˫Jˌ˵˴ˡ˂˸ȶ˨˴ƫƧ˜ʶçĺ̛̺̗˾̲ŐȺ̗̱̎̿˸
Ɲʾ˕£ǻƩɆ̶̞́̽̿ˡȲƛĨȦļ˃ȕ˷˵˕ʷ̰˾̏(Angevine and Sidman, 1961)ʶ
ˁ˱˥̻̋(Rakic, 1975)˸Ɲʾ˕³ʫ˜ʶĪˆƛ˪˵˕̶̞́̽̿ˢŰÆˠʶɠˆƛ˪˵˕̞
̶́̽̿ˢ˱˳Æˠɬǫˌ˵˴ˊ˝˃ȟJˌ˵˕ʷˊ˵˲ˡǚľˢ£ǻƩɆˡwÆ˸Ŏúˏ
˴̶̞́̽̿ˢʶƐ±ˡȲƛĨ˸Ĉ˘˛Ɯƛˌ˵˛ʾ˴ˊ˝ʶˏ˟˷˗£ǻƩɆƵǙTʪǖǷ
ˢƐ±ˡĮĵˠƐ±ˡÆ̨̋̕˽̩ˡ̶̞́̽̿˸Ɯƛˍ˛ʾ˴ˊ˝˸ƴˍ˛ʾ˴ʷˏ˟˷˗ʶ
£ǻƩɆˡƵǙÕǖǷˢƩɆâúNĵˠˢʶ̡̻̼̗̃́̀˾̏̓CR̈́ǖǷ˝̨̛̩̼̞̋́
̶́̽̿˂˲Ŏúˌ˵˴̶̛̩̼̩̼̞́́̽̿˃K_ˍʶ£ǻƩɆȘÆ˧˝ɬǫˌ˵˴(
1.2)ʷŕˠʶǻ´Ð(SVZ)˝ˣ˵˴˙ƫˡśÆ˃ǻ´Ð¡7ˠâúˌ˵˴ʷǻ´
Ðˠˢ intermediate progenitor (IPC)˝ˣ˵˴ƵǙTʪǖǷ˃|˪˵˛ˁ˳ʶɚÑˡ½
ƹKș˸Ǚ˛ 2 ˙ˡ̶̞́̽̿˸Ɯƛˏ˴ʷŕˠŰǼ̶̞̽̿˃K_ˍʶ<˩˞ˡ̩̼̩̼
̛́ˠ-@ˍƩɆĻ̓CP̈́˝ˣ˵˴ƵǙǖǷÆ˃(Ȝˌ˵˴( 1.2)ʷ̛̩̼̩̼́ˢˊˡƩ
ɆĻˠ˱˳Kģˌ˵ʶɫ˃ CRǖǷ˸|ˬɒǧÆ̓marginal zonë́˝˟˳ʶɫ˃̨̩̼̋́
̛ˠ˟˴ʷ˓ˍ˛Ǽ̶̞̽̿˃Ȳƛʶƺ\ˍ˛<ˠK_ˍ˕ŰǼ̶̞̽̿Æ˸ɚɤˍʶ˓
ˡɫˠǼ̶̞̽̿Æ˸Ŏǎˏ˴ʷˊˡ˱ʿˠʶŰǼ̶̞̽̿̀Ǽ̶̞̽̿ˢ˽̿̋
 7 
˽̜̀˻˾̛̣́̿̕˜Ŏǎˌ˵˴(Pinto and Gotz, 2007; Qian et al., 2000)ʷˊˡŰǼ̶̞̽̿
ʳǼ̶̞̽̿ˡƜƛʜØˢʶ̰˾̏˯ʔɼʤ˸|ˬʶĴǵƪʤˠBɚˍ˛ȟ˲˵˴Ʀƛ
̣́̿̕˜ʽ˴(Wang and Dolmetsch, 2013)ʷ 
 
ÀuÄt \Fg¨µ¾»½	
!t
Tɖˍ˕˱ʿˠʶ£ǻƩɆˠˁʾ˛ˢƵǙÕǖǷ˃Ţ˪˘˕ĮĵˠƐ±ˡǼ̶̞̽̿˸Ɯ
ƛˏ˴ˊ˝˃ƴˌ˵˕ʷĸǌ˜ˢʶʄ˲˵˕ğˡƵǙÕǖǷ˂˲¢ŏ˟̨̋̕˽̩ˡ̶̞́̽
̿˃Ɯƛˌ˵˴œŎ˸ʶƵǙÕǖǷˡĮɿƧSéˡȤƇ˂˲ȟ˛˫˕ʾʷˊ˵˪˜ʶ£ǻƩ
ɆƵǙÕǖǷˡK_̵̯̙̻̿̍˸ȮˏƫƧ˜ʶtCƧ˟ǖǷƺŉ³ʫ˃ȕ˷˵˕(Desai 
and McConnell, 2000; McConnell and Kaznowski, 1991)ʷ£ǻƩɆˡƵǙÕǖǷ˸̜̝́ˡ
̧˿̛̼̘̓ǣ̟̊ƫ˽̗̕Ʒ̈́˂˲eʑˍʶƢ˟˴Ʀƛ̙̏́̎ˡ̛̼̦̍̀̿ˡ̧˿̛̼̘
ˡǻ´Ðˠƺŉˏ˴˝ʶĪƛ˪˵̓ŰǼ̶̞̽̿Ɯƛĵ̈́ˡƵǙÕǖǷˢʶɠƛ˪˵̓Æ
̶̞́̽̿̈́ˡÆƐƢñ˸ƴˏˊ˝˃˜˄˴˃ʶɠƛ˪˵̓Ǽ̶̞̽̿Ɯƛĵ̈́ˡƵǙÕǖ
Ƿ˸Īĵˡǻ´Ðˠƺŉˍ˛ˮŰǼ̶̞̽̿˧˝K_ˏ˴ˊ˝˃˜˄˟ʾʷç˘˛ʶƵǙÕ
ǖǷ˃ǙĮƧˠ̦̙̊̿̿̏1) ˸Sʄˏ˴ˊ˝˜ʶƢ˟˴̨̋̕˽̩ˡ̶̞́̽̿˸Ɯƛˏ˴ˊ
˝˃ƴˌ˵˕ʷˊ˵˸ěĈˏ˴́̚̕˝ˍ˛ʶ̰˾̏£ǻƩɆ˂˲eʑˍ˕NʩˡƵǙ
ÕǖǷ˸eǖǷˡ̆̽́̿Ȧļʶˌ˲ˠǶñÕǖǷ̓ES ǖǷ̈́˂˲ȳÀˍ˕£ǻƩɆƵǙ
ÕǖǷ˸Ɲʾ˕³ʫˠˁʾ˛(Eiraku et al., 2008; Gaspard et al., 2008; Shen et al., 2006)ʶʾ
ː˵ˮN˭ˠ Reelin ʈñˡ CR ǖǷʶǡʾ˛ Ctip2 ʈñˡŰǼ̶̞̽̿ʶĳæˠ Brn2 ʈ
ñˡǼ̶̞̽̿˝ʾ˘˕ʶƛ&˜ˡƜƛ̩̽̑̏˃EƗ˜˄˕ˊ˝˂˲ʶ£ǻƩɆƵǙÕ
ǖǷ˃Dñ̩̹̲̽̇˸ƝʾʶǖǷȁåƧˠK_Ǹ˸ǙĮƧˠSʄˍ˛ʾˆˊ˝˜ʜŕƢ
˟˴̶̞́̽̿˸Ɯƛˏ˴˝ʾʿ̴̻̚˃ēJˌ˵˕( 1.3A)ʷˠƴˍ˕˱ʿ˟Dñ̩̽̇
̹̲ˡK«³&ˠ˙ʾ˛ˢɼʾɿĬ˜ʽ˘˕˃ʶ£ǻƩɆƦƛˡĳNĵˠK_ˏ˴ CR
ǖǷˡK_āS«˝ˍ˛ɏF« Foxg1 ˃y±ˌ˵˕ˡ˸ƦǄ˝ˍ(Hanashima et al., 
2007; Hanashima et al., 2004)ʶ˓ˡæ Fezf2̓Molyneaux et al., 2006; Chen et al., 2008̈́ʶCtip2
̓Arlotta et al., 2005̈́ʶSatb2̓Alcamo et al., 2008; Britanova et al., 2008̈́ʶTbr1(Alcamo et al., 
2008; Britanova et al., 2008; Chen et al., 2008; Han et al., 2011; McKenna et al., 2011)ˡ 4˙ˡ
                                                      
1) コンピテンス:  
細胞が決定的な構造または機能変化を獲得するのに必要な 1つないし複数の誘導因子に対する
応答能のこと 
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ɏF«˃ƭŕʾ˜y±ˌ˵˕ʷˊ˵˲ˡ 4˙ˡɪ «ˢʶ˓˵˔˵ Fezf2˝Ctip2˃ŰÆ̞
̶́̽̿ʶSatb2˃Ǽ̶̞̽̿ʶTbr1˃ CRǖǷ˸|ˬNĵ̶̛̩̼̩̼̞́́̽̿ˠƦƗ
ˍ˛ˁ˳ʶFezf2ŔḚ̇˾̏˜ˢ Satb2ˡƦƗ˃īˏ˴ĥ˜ʶSatb2ŔḚ̇˾̏˜ˢÆ̞
̶́̽̿ˠƢýƧˠ Ctip2˃ƦƗˏ˴˕˭ˠʶFezf2-Ctip2-Satb2ɪ «ɿˡāSSéʀ.˃
Ĭ˲˂˝˟˘˕(Alcamo et al., 2008; Britanova et al., 2008)ʷˌ˲ˠ Tbr1ŔḚ̇˾̏˜ˢ Fezf2
ˡƦƗī˝˝ˮˠʶĸĺȡ×˧Ă¿ˏ˴ˢːˡǅ͊Ǽ̶̞̽̿˃Œ̓pons̈́˧˝ɐǕ˸"
ɼˏ˴ˊ˝ʶ˪˕ Fezf2 ŔḚ̇˾̏˜ˢ Tbr1 ˡƦƗ˃īˏ˴˕˭ʶFezf2 ˢ Tbr1 ˡāS˸
ȕ˘˛ʾ˴ˊ˝˃ƴˌ˵˛ʾ˕ʷˊ˵˲ˡɏF«ˡƭ(Ɲ˸Ĭ˲˂ˠˏ˴˕˭ˠʶSatb2
Fezf2Ctip2 ˡʿ˗ 2 2ˡɪ «ˡǘ˫x˷ˑ˸Ɲʾ˕ɴ̠̘̆˻˾̛̰˾̏ˡȦļ˂˲ʶ
Fezf1-Ctip2-Satb2-Tbr1 ˡɏFāSSé˸ˍ˕ɪ «̛̟̘̻̩̾́̆́ˠ˱˳ʶwʸˡ̋
̨̕˽̩˃Ƴǂˍ˛ʾ˴ˊ˝˃ƴˌ˵˕(Srinivasan et al., 2012)( 1.3B)ʷˍ˂ˍ˟˃˲ʶ£ǻƩ
ɆƵǙÕǖǷ˂˲wÆˡ̶̞́̽̿˸ǙĮƧˠƜƛˏ˴˕˭ˠˢʶˊ˵˲ˡɏF«ˡʿ˗ͅ
˙˟ʾˍȝğˡɪ «ƦƗ˸ǺāSˏ˴ìȞ˃ʽ˳ʶˊ˵˸Séˏ˴\Ƨ˟œŎˠ˙ʾ˛ˢ
ŋȩˌ˵˛ʾ˟ʾʷ 
 
ÀuÅt ¨µ¾»½	_63t
ʯ ɖˍ˕˱ʿˠʶ£ǻƩɆˡÆƐƢƧ̶̞́̽̿˸Ɯƛˏ˴œŎˢBɚˡƵǙÕǖǷ˃Ǚ
ĮƧˠK_Ǹ˸Sʄˏ˴ˊ˝˜ʜŕ CR ǖǷʶŰǼ̶̞̽̿ʶǼ̶̞̽̿˸Ɯƛˏ˴œ
Ŏ˃ǯˀ˲˵˛˄˕(Hevner et al., 2003; Kriegstein and Alvarez-Buylla, 2009; Malatesta et al., 
2000; Noctor et al., 2001; Shen et al., 2006; Takahashi et al., 1999)ʷˍ˂ˍ˟˃˲ʶĳɔˡ
Muller ˲ˡ~ˠ˱˳ʶǼ̶̞̽̿ (ˡÂ˟ˆ˝ˮɫ)ˢʶ£ǻƩɆƦƛNĵˠŰÆ̶̞
́̽̿˝KÈˍ˕ƵǙÕǖǷˡǑȻ˂˲K_ˏ˴ˊ˝˃Ĭ˲˂ˠ˟˘˕(Franco and Muller, 
2013)ʷ˪˕ʶɔƠ̤̂ǵ?ǻˠˁʾ˛ʶɚÑˡĜ¿Ƒ̺̇˻ƵǙÕǖǷ̓Radial Glial Cell: 
RGC̈́˝ˢƢ˟˘˕ʶȁÌȝȜǸ˸/˗˟˃˲ǻ´Ðˡ¡7˜Kșˍǡˈ˴¡7Ĝ¿Ƒ̺̇
˻̓outer Radial Glial Cell: oRGC̈́˃Ʀȟˌ˵˕ˡ˸ƦǄˠʶ̧˿̛̼̘˯̰˾̏˜ˮyŏˡ̕˽
̩ˡǖǷ˃ȟ˙˂˘˕(Fietz et al., 2010; Hansen et al., 2010; Shitamukai et al., 2011; Wang et 
al., 2011)ʷˊ˵˲ oRGCsˢƐˠʔɼʤ˜Ʀɥˍ˛ˁ˳ʶƵǙÕǖǷˡğ˸ðƂˠ£ˌˑ˴
ˊ˝ˠ˱˳ʶĳǗƧˠ£ǻƩɆˡȘʘƽˡć£˝Ǽ̶̞̽̿ˡğˡYˠ¸ˍ˛ʾ˴˝
ǯˀ˲˵˛ʾ˴ʷˊˡ˱ʿˠʶǼ̶̞̽̿˸Ɯƛˏ˴ƵǙÕǖǷ˯˓ˡKșŏÜˢ¢ŏ˜
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ʽ˳ʶ˓ˡSéœŎˢŰǼ̶̞̽̿ˡK_˱˳ˮ˱˳ȝʐ˟SéœŎ˸ɨƝˍ˛ʾ˴uǸñ
˃ǯˀ˲˵˛˄˕ʷ³ʌˠʶ<ˠɖ˨˕ ES ǖǷ˂˲£ǻƩɆƵǙÕǖǷ˸ȳÀˏ˴³ʫ˜
ˢʶǼ̶̞̽̿ˡȳÀ[ƕ˃ƛ&D˜Ɯƛˌ˵˴̶̞́̽̿ˡWx˝Şɑˍ˛%ʾˊ˝˃
ƴˌ˵˛ˁ˳(Gaspard et al., 2008)ʷˊˡˊ˝ˢʶǼ̶̞̽̿ˡK_ˠˢŰǼ̶̞̽̿˝
Ƣ˟˳ʶDñˡɪ «̩̹̲̽̇¡ˠʶ¡Ƨô˸QƝˍ˛ʾ˴uǸñ˸ƴˍ˛ʾ˴ʷ
Ɛˠ̰˾̏˝̛̤˜ˢǵƛĵɿ˯2ʸˡƵǙÕǖǷˡǖǷĵˡɼˌʶĳǗƧˠƜƛˌ˵˴
̶̞́̽̿ˡğ˃ŌǄˠƢ˟˴ˊ˝˂˲ʶ(Fietz and Huttner, 2011; Kelava et al., 2012; Lui et 
al., 2011)ʶǼ̶̞̽̿ˡK_SéˢʶŰǼ̶̞̽̿˝Ǽ̶̞̽̿ˡğƧ̢̹̿̏˸
/˗˟˃˲ʶɞ_ˠ!ʿ£ǻƩɆˡć£ˠˮɨíˍ˕ŁɎ˟œŎ˸Ɲʾ˟ˈ˵ˣ˟˲˟ʾ˝
ʾʿʢ˃ʽ˴ʷ 
 
ÀuÆt.IKHE"Xt
ʯ £ǻƩɆˡǼ̶̞̽̿ˢy7ʶ˪˕ˢ½7ˡƩɆɿđǡ˸âúˍʶ£ǻƩɆDˡô
ˡǞx˸
ëƧˠĆʿˊ˝˜ʶʭŕǻœǸ˸ěĈˍ˛ʾ˴̶̞́̽̿ǭ˜ʽ˳ʶĴǵƪʤʶƐ
ˠʔɼʤˠˁˈ˴ȝʐ˟ȱȺ˯ǞxƧȕ\ˡćßˢʶǼ̶̞̽̿ˡYˠɈˏ˴˝
ǯˀ˲˵˛˄˕(Aboitiz and Montiel, 2003; Schoenemann et al., 2005)ʷǻˡɞ_Ƨ7ʘ˸ȟ
˛˫˴˝ʶŰǼ̶̞̽̿ˡ̨̋̕˽̩ˢƎȑʤˡǻˠˁʾ˛ˮ­˃Ƴȱˌ˵˴˃ʶÆ̞
̶́̽̿ˢʤˡ£ǻ˜Ɣèˌ˵˕ˮˡ˜ʽ˳ʶƐˠʔɼʤˠˁʾ˛ðɛˠƦɥˍ˕ˊ˝˂
˲ʶʭŕȱȺ˯˓˵ˠʀ˷˴ôIƙˠìʝ˜ʽ˴˝ǯˀ˲˵˴ʷ³ʌˠʶǏƵɠƀ˸!ʿÁ
ʡƥˡkɪ «ˡ¢ˆˢǼ̶̞̽̿ʀɝˡɪ «˜ʽ˴ˊ˝(Hill, 2005)ʶ˪˕Æ̞
̶́̽̿ŔĖˠ!ʿǻŅâúA˃ȁɽƥ̛̬̹̲̏̆Ƥóˡk˜ʽ˴˝~ˌ˵˛ˁ˳
(Minshew and Williams, 2007; Vidal et al., 2006)ʶǼ̶̞̽̿ˡŗÑ˟K_ˢ̛̤ˡŗÑ
˟ǻœǸˡƦƗˠƬǚˏ˴ʗÑˠɴȞ˟ɤƻ˜ʽ˴˝ǯˀ˲˵˴ʷˊ˵˲ˡˊ˝˸Ɍ˪ˀʶĸ
Ʋƾˢ£ǻƩɆˡǼ̶̞̽̿ˡK_SéœŎˠ˙ʾ˛ʶ˓ˡɈź˝Ɯƛ˸Séˏ˴œ
Ø˝K_Ţ±˸ĆʿK«ƪ˸Ĭ˲˂ˠˍʶǼ̶̞̽̿ˡK_œŎˡAȿ˸ȦĬˏ˴ˊ˝
˸ƫƧ˝ˍ˕ʷ 
ʯ ĸƲƾˠ˱˳ʶƗ˪˜Ĭ˜ʽ˘˕Ǽ̶̞̽̿ˡK_Séˠ˙ʾ˛Ĥˍʾưȟ˸ˀʶ
ǻŎǎˡkƙˡȦĬˡZˠ˟˴ˊ˝˃ĵäˌ˵˴ʷˌ˲ˠʶǼ̶̞̽̿ˡƜƛˠ˙ʾ˛
ˢTɖˍ˕˱ʿˠʶDƧ˟ɪ «̩̹̲̽̇ˡ˫˟˲ːʶɨíX˃ʭʾĤȠˡSéœŎ˸
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Ɲʾ˛ʾ˴ˊ˝˃Ÿˌ˵˴ʷĸƲƾ˸ɞ˭˴ˊ˝ˠ˱˳ʶƢ˟˴œǸˠƐ_ˍ˕ǖǷɿˡğƧ
̢̹̿̏˸/Ĉˏ˴Sé̴̻̚˸ȟJˏˊ˝˜ʶ
ĿƵǙǑˡ˫˟˲ːʶ°Ʀƛkƙˡƙ
ȦĒɞˠˮɁƓ˜˄˴˜ʽ˶ʿˊ˝˃ĵäˌ˵˴ʷ 
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NÁMt s/)*:t
 
ÁuÀt ±rZU't
Foxg1 ˡ̊̿̚˼̸̝̻̠̘̍̆˻˾̛̰˾̏ˢʶFoxg1tTA /+ʏ̰˾̏˝ Foxg1lacZ/+;tetOFoxg1IRESlacZ
ɴ̪̙̰̽˾̏˸ďˈx˷ˑ˛(úˍ˕(Kumamoto 2013)ʷFoxg1lacZ/+ˮˍˆˢ Foxg1tTA/+ˡ
yǾ˸̛̻̊̿̽́˝ˍ˛Ɲʾ˕ʷFoxg1 ̠̘̆˻˾̛̰˾̏ˢʶFoxg1lacZ /+̰˾̏y˸ďˈ
x˷ˑ˛(úˍ˕ʷFoxg1ǑȻȦļˡ˕˭ˡ Foxg1-/-; ROSA-stop-YFP ̼̯̰́́̕˾̏ˢʶ
Foxg1LacZ/+ ̰˾̏˝ Foxg1tTA/+; ROSA loxp-stop-loxp-YFP/+ ̼̯̰́́̕˾̏˸ďˈx˷ˑ˛(úˍ
˕ʷŰǼ̶̞̽̿ˡɪ ®Ƨʅl³ʫˡ˕˭ˡ Neurog2CreER/+; ROSA-stop-DTA ̰˾̏ˢʶ
Neurog2CreER/+ǑǞ(Srinivasan et al., 2012; Xuan et al., 1995)˝ Gt-(ROSA)26Sortm1Jpmb/J (JAX 
No.006331), (Ivanova et al., 2005)˸ďˈx˷ˑ˛(úˍ˕ʷCreǘ˫Ĳˀ[ƕȭ,ˡ˕˭ˠʶ
Ngn2CreER/+ǑǞ˝ NestinCreER/+ǑǞ(Balordi and Fishell, 2007)˸ ROSA26loxp-stop-loxp-lacZ/+ǑǞ
(Soriano, 1999) ʶ ROSA26loxp-stop-loxp-YFP/+ǑǞ ˮ ˍ ˆ ˢ ROSA26CAG-loxp-stop-loxp-tdTomato/+ǑǞ
(Ivanova et al., 2005)ˠďˈx˷ˑ˕ʷǵƛĵĨğˢʶ̩̹̇˃Ƴȱˌ˵˕Ĩˡŗc˸ǵƛ
0.5 Ĩ(E0.5)˝ˍ˕ʷA˛ˡ³ʫ̰˾̏ˢʶƙ_®Ʋƾýʯ Ʀƛ̀EƛƷ®ǤxƲƾ̑̿́̕
ˡ\ƏĦȫ˜ǋƙˌ˵˕ƚSé˜ʧǲ˃ȕ˷˵ʶ˓ˍ˛A˛ˡ\Ə³ʫˢʶy̑̿̕
́ˡÿȱˡˠɟȕˌ˵˕ʷ 
 
ÁuÁt §¸½%t
Foxg1̊̿̚˼̸̝̻̠̘̍̆˻˾̛̰˾̏˸Ɲʾ˕ Foxg1EƦƗ³ʫˠˁʾ˛ʶFoxg1tTA /+ʏ̰
˾̏˝ Foxg1lacZ/+;tetOFoxg1IRESlacZɴ̪̙̰̽˾̏˸ďˈx˷ˑ˜è˲˵˴§©̰˾̏ˠʶE9.5
˜̜̅̍̋˽̺̆̿˸ǗƃÙ(2µg/ml)˜̺̍̊̿/ȼǙs̔̿̚˸Ɲʾ˛ǳDĂ(i.g.)˸ȕ˟
˘˕ʷ˪˕ʶFoxg1 ˡƦƗāSˡǢĈˡ˕˭ˠʶ2µg/ml ˡ̜̅̍̋˽̺̆̿˝ʶ5%ˡ̏̆̽́̏
˸|ˬʦĢŠ˸ǠǡƧˠėqˌˑ˕ʷ˓ˍ˛ʶFoxg1 ˡƦƗȳÀˢʶE14.5ʶE15.5ʶE16.5 ˡ
wĮĵˠɚÑˡʦĢŠˠL˳Ĳˀ˴ˊ˝ˠ˱˳ȕ˘˕ʷEƦƗ˸!˷˟ʾ Foxg1 ̊̿̚˼̸̍
̝̻̠̘̆˻˾̛̰˾̏ˡ(úˠˢʶ̜̅̍̋˽̺̆̿˸ǗƃÙ(200µg/ml)˜ǳDĂ˸ȕ˟˘
˕ʷˌ˲ˠ Foxg1ˡƦƗāSˡǢĈˡ˕˭ˠʶ200µg/mlˡ̜̅̍̋˽̺̆̿˝ʶ5%ˡ̏̆̽́̏
˸|ˬʦĢŠ˸ǠǡƧˠėqˌˑ˕ʷ 
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ÁuÂt ¢´­½%t
ŰǼ̶̞̽̿ˡɪ ®Ƨ˻̸̨̼́̍̿(ɩĄƧʅl)ˢʶNgn2CreER/+;ROSA-stop-DT-AǑǞ
ˠ̴̧̅̍̕˿̿˸̺̍̊̿/ȼǙs̔̿̚ˠ˱˘˛ǳDĂˏ˴ˊ˝˜ȕ˘˕ʷŰǼ̶̞̽
̿ˢʶE11.5-13.5ˠƜƛˌ˵˴˕˭ʶˊˡĵɿˠ̴̧̅̍̕˿̿˸ 10µg/40g body weightˡƃ
Ù˜ 24 Įɿˋ˝ˠ 3 Ă˸ȕ˘˕ʷ̴̧̅̍̕˿̿Ă§©̰˾̏ˢȁƋKªˍ˟ʾ8z
˃ʽ˴˕˭ˠʶƛæȦļ˸ȕʿʌˢJƜ±ĨˠÏƖLɾˍʶ˸ĘJˍɳȣ̰˾̏ˠʞˈ
˕ʷ 
 
ÁuÃt CQW2^t
>ƣǘǩŀȇƝˡHǚǻ̩̻̋̿ˢȦUæʶ4%̣̹̭̻̲˻̻̤̜̚żů(PFA)ˮˍˆˢ
1%PFA ˸Ɲʾ 4ºC ˜ 1 Įɿ±ˍ˕ʷE16.5 ʃˡǶˡxˢʶæ±ˡTˠ 4͂PFA ż
ůˠ˱˴ƅŪ±˸ȕ˘˕ʷ±ˡæʶ30%̏̆̽́̏˜Hǚ/ȼˡ˕˭ˠ̢̧̘˺́ǫĔ˸
ȕʾʶOCT ̣̊̿˾̜̿ˠ˛^ˍ˕ʷ>ƣǘǩŀȇˡ˕˭ˠ̹̆˽̛̘̂̏̕˜ 12µm ˡjˌ
ˠȏLˍʶ̹̏˽̜̹̇̏ˠɃˈ˕ʷȏLŐĸˢŀȇ˪˜-30ºC(ɼĮɿ˜ˢ-80ºC)˜/­ˍ
˕ʷ>ƣǘǩŀȇTˠʶȏLŐĸ˸´ŷˠ˛ 1ĮɿƻÙĜǫˍbKˠƍ˸ȕ˘˕ʷPBSˠ
˱˴ŧūˡæʶ̨̢̧̘̘̽̅̿̇˺́[10% ɚÑ̢̽Ȕų(NDS)ʶ0.05%Triton-X/PBS]˜´
ŷˠ˛ 1Įɿ̨̘̽̅̿̇ˍ˕ʷǡʾ˛ŕă&˸ɨL˟ƃÙˠă&Îɲ̢̧̘˺́[1%NDSʶ
0.05%Triton-X /PBS]˸Ɲʾ˛Îɲˍʶ4ºC ˜įoíˌˑ˕ʷPBS ˠ˱˴ŧūˡæʶŕă
&˸Îɲˍ´ŷ˜ 15-60Koíˌˑ˕ʷŕă&˸ PBS˜ŧūæʶSlowFade Gold antifade 
reagents (life technologies)˜¾@ˍ˕ʷ 
ʯ ʯ wă&ˡ)ƝƃÙˢ: rat anti-Ctip2 (1:1000, Abcam); rabbit anti-Zfpm2 (FOG2; 1:100, 
Santa Cruz Biotechnology); goat anti-SOX2 (Y-17 1:250, Santa Cruz Biotechnology); rabbit 
anti-Tbr1 (1:500, Abcam); chicken anti-Tbr1 (1:500, Millipore); mouse anti-Satb2 (1:100, 
Abcam); rabbit anti-Satb2 (1:1000, a gift from V. Tarabykin); rabbit anti-Cux1 (CDP1; 1:100, 
Santa Cruz Biotechnology); rabbit anti-Olig2 (1:20,000, a gift from C. Stiles); chicken anti-GFP 
(1:500, Abcam); rabbit anti-RFP (1:500, Abcam); goat anti-Foxg1 (N-15; 1:200, Santa Cruz 
Biotechnology); rabbit anti-Foxg1 (1:500, StemCulture); rabbit anti-Foxg1 (1:1000, Abcam); 
rabbit anti-Bf1 (1:1000, a gift from Y. Sasai); mouse anti-Tuj1 (1:1000, Covance); rabbit 
anti-Fezf2 (1:100, IBL) ˜ʽ˴ʷŕă&ˡŋJˠˢ Alexa Fluor ŐȺŕă& life 
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technologies, Jackson ImmunoResearch Laboratories)˸Ɲʾ˕ʷ 
ʯ ȪŀȇĥťˠYˀʶˡăkˠ½ˍ˛ˢăkɅŨIƙ˸ȕ˘˕ʷSatb2 (Abcam)ʶ
Olig2ˠ˙ʾ˛ˢʶ0.05%Tween20˸|ˬ̆̀̿ɰ̢̧̘˺́(pH6.0)
˜ 105ºCʶ10KIƙˍ
ăkɅŨ˸ȕ˘˕ʷCtip2ʶZFPM2ˠʀˍ˛ˢʶHISTO VT One (̝̹̃˽̙̏̆)˸Ɲʾ˛ăk
ɅŨ˸ȕ˘˕ʷ 
ʯ Tbr1 ˝ Foxg1 ˡ>ƣŀȇˠ˙ʾ˛ˢʶȝğˡă&˸ŋȬˍ˛)Ɲˍ˕ʷTbr1 ŋJˠˢʶ
rabbit ă&(Abcam)˝ chicken ă&(Millipore)˸)Ɲˍ˕ʷˊ˵˲ˡă&ˡŀȇǚľˢʤ#ˍ
˛ʾ˴˃ʶAbcam ˡă&ˢÂˍŋJ÷Ù˃ʭʾ˱ʿ˜ʽ˘˕ʷ˪˕ʶFoxg1 ŋJƝˠˢTɖˍ
˕˱ʿˠʶgoată&(Santa Cruz)ʶrabbită&(Abcam, StemCulture , a gift from Y. Sasai)ˡ 4Ƽ
˸ɨ²)Ɲˍ˕ʷA˛ˡă&ˢK_ˍ˕̶̞́̽̿ˠˁʾ˛ Foxg1 ˡƦƗ˸ŋJ˜˄˕˃ʶ

˜ˮ Santa Cruz, StemCulture ˡă&˃ʭ÷ÙˠŋJ˜˄˕ʷǻ´ÐƵǙTʪǖǷˡ
Foxg1 ˡƦƗˢʶStemCulture ˡĩ̛̘̽˃ʭ÷ÙˠŋJ˜˄ʶAbcam ˸ʅˆˡă&˜ˮÞ
ʾ̝̻̍̇˸ŋJˏ˴ˊ˝˃˜˄˕ʷ 
ʯ ́̚̕qèˢʶŗǂȒ=ʣêɻ Axio Imager Z1 (Carl Zeiss)ʶ˪˕ˢ̼́̌́ɇłBƊ
Ƈʣêɻ LSM710 (Carl Zeiss)˸Ɲʾ˛ȕ˘˕ʷ 
ʯ β-̛̹̖̄̆̍́̒ŀȇˢTˡ~(Hanashima et al., 2002)ˠç˘˛ȕʾʶ½Şŀȇˠˢ
Nuclear Fast Red (̳̻̆)˸Ɲʾ˕ʷ 
 
ÁuÄt JRP[b@+`0t
yĮĵˠƜƛˌ˵˕̶̞́̽̿˸ŐȺˏ˴˕˭ˠʶ̴̨̽̂̅̍̚˾̺̎̿̓BrdǗn˥̀
̗̞̻̂̅̍̚˾̺̎̿(EdU)ˠ˱˴̣̻̹̫̻̏˸ȕ˘˕ʷBrdUn˥ EdU ˸ 50mg/kg body 
weight ˡǗƃÙ˜§©̰˾̏ˠǾǼDŦ¿ˍ˕ʷBrdU ˡŋJˡ˕˭ˠʶ1.25µg/ml ˡ̩̙̽
˽̝́̒ K (Roche)˸Ɲʾ˕ 37ºC˜ 5KɿˡIƙˠǡʾ˛ 1N HClˠ˱˴ 55ºC ˜ 10Kɿ
IƙæʶPBS ˜ŧūˍʶanti-BrdU ă&(1:100, Santa Cruz)˸Ɲʾ˕ɚÑˡ>ƣǘǩŀȇ˸
ȕ˘˕ʷEdUˡŋJˠˢ Click-iT EdU Imaging kit (Invitrogen)˸Ɲʾ˕ʷ 
 
ÁuÅt tª®¸£¡¾¶½t
̞̹̫̻̎̊̅̍̉̿(DIG)̨̩̽́ʶ̧̻̂̽̑˽̹̫̻̿(FL)̨̩̽́˸Ɲʾ˛ mRNA ˸
ŋJˍʶÑť(Yang et al, 1999)ˠˡ ı˸Yˀ˛ȕ˘˕ʷHǚŐĸ˸ƍˌˑ˕æʶ
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4%PFA ˜ 10Kɿˡæ±˸ȕ˘˕ʷDñ̬̻̖̂̅̍́̒˸¥Ũˏ˴˕˭ˠ 1.5%H2O2
˸|ˬ̳̠̻́̕˜ 15KɿIƙˍ˕ʷ˓ˍ˛ʶ100ng/mlˡ̨̩̽́˸ 60ºC˜̡˽̨̺̖˽̐ˍ
˕ʷ̡˽̨̺̖˽̐ˡæʶÑťˠçʾŧūʶRNase Iƙ˸ȕʾʶanti-DIG-POD ă& (1:500, 
Roche)˸ 4ºC˜įoíˌˑ˕ʷŧūˡæʶTyramide Signal Amplificationťˠ˱˴̝̻̍̇
Òˡ˕˭ˠʶ̥̗̂̿_̗̹̱̜˸oíˌˑ˕ʷĳǗƧ˟̝̻̍̇ŋJˢʶNBT/BCIP ˸Ɲ
ʾ˕ chromogenicƦȇ˸ȕ˘˕ʷ2-color Ȓ= in situ ̡˽̨̺̖˽̸̒́̍̿˜ˢʶȪĥť
ˠˡ ıƇ˸Yˀ˕ʷ̡˽̨̺̖˽̐ˢʶDIG̨̩̽́ʶFL̨̩̽́˸yĮȕʾʶŋJˢ
ɪ «ƫˡ DIG ̨̩̽́˸ Texas-Red ̛̛̼̩̏˻̥̎̿˜Ȓ=ŋJˍʶ˓ˡæʶ10mM 
HCl ˜ DIG ̨̩̽́ˠ½ˏ˴̬̻̖̂̅̍́̒Ũñˡ¥Ũ˝ Avidin Biotin Blocking Kit 
(Vector Lab)ˠ˱˴̨̥̗̘̂̿̽̆˸ȕʾʶÝ˄ǡ˄ɪ «ƫˡ FL ̨̩̽́˸ʶanti 
FITC-POD (Perkin Elmer)ʶFITC̛̛̼̩̏˻̥̎̿˸ƝʾDIG˝yˎĥť˜ŋJˍ˕ʷ½Şŀ
ȇˠʀˍ˛ˢʶNeuroTrace Fluorecent Nissl Stains (Molecular Probes)˸Ɲʾ˕ʷ 
 
ÁuÆt Fluorescence-activated cell sorting (FACS) 
Ȧļ̙̏́̎ˡ̰˾̏˂˲̛̦̘̿̑˸Ɲʾ˛£ǻƩɆ˸ĘJˍʶǖǷ˸KĞˏ˴˪˜Giˍ
˕ HBSS (wako)
ˠʖǫˍ˕ʷ£ǻƩɆǘǩ˸ƵǙǖǷKĞ̛̘̅(Sumilon)ˠ˱˳KĞˍʶ
˪ː fluorescein di (b-galactopyranoside)̓FDG, Sigmä́˜ŐȺˍ˕ʷKĞǖǷ(3x106 cells)ˠ
ʽ˲˂ˎ˭ 37ºC ˠYŷˍ˕ 5mM FDG˸ŲYˍʶ1Kɿ 37ºC˜oíˌˑ˴ʷ˓ˡæʶFDGˡ
q˳ɓ˫˸6Ŗˌˑ˴˕˭ˠʶ2mlˡGiPBS˸Yˀʶ̙̓́˼̿̇˪˜š˜ʖǫˍ˕ʷAPC
̶̛̊̿̎̉́ IgGn˥ʶCD133ŐȺˡ˕˭ˠʶKĞǖǷ(3x106 cells)ˠ 1/25 volˡ APCŐ
Ⱥ IgGn˥ʶCD133 ˸ŲYˍʶ30Kɿš˜ʖǫˍ˕æʶHBSS˜ŧūˍʶ̙̓́˼̿̇˪˜
š˜ʖǫˍ˕ʷ 
FACSˢ FACSAria ll (Becton Dickinson)˜ȕʾʶFACSDiva 6.1 (Becton Dickinson)̧̛̓˾˿
˻˸Ɲʾ˛Ȧļˍ˕ʷ̛̓́ˍ˕ǖǷˢʶTRIzol Reagents (Life Technologies)ˠKqˍʶRNA
ąJ˪˜-80ºC˜/­ˍ˕ʷ 
 
ÁuÇt ±»º`0t
FACS ̛̓́æˡ̩̻̋̿˂˲A RNA ˸ RNeasy Mini Kit (QIAGEN)˜ąJˍʶɆƳȱ˸
Agilent 2100 Bioanalyzerˠ˱˳ RNA 6000 Pico total RNA kit (Agilent technology)˸Ɲʾ˛ 
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Ÿ±ˍ˕ʷcDNAxú˝ʶcRNAŐȺoíˢ 3’ IVT-Express Kit (Affymetrix)˸ƝʾŲˡĥ
ťˠç˘˛ȕ˘˕ʷAffymetrix high-density oligonucleotide arrays for Mus musculus (Mouse 
Genome 430 2.0) ˧ˡ̡˽̨̺̖˽̐ʶŀȇʶŧūǈˢ Expression Analysis Technical Manual 
(Affymetrix)ˠŻˎ˛ȕ˘˕ʷ 
 
ÁuÈt R,E¦·½¸¯¦¾³`0t
Foxg1ˡEƦƗˠ˱˳ƦƗ \ˏ˴ɪ «˸y±ˏ˴˕˭ˠʶpost-hocŋ±ˠ˱˘˛ one-way 
ANOVAȦļ˸w̨̛̩̘̽́̑ˠ½ˍȕʾʶFalse Discovery Rate˸ǊJˍʶFDR͍0.05ˡ̩
̨̛̘̽́̑˸Ĵöˠ \ˏ˴ˮˡ˝ˍ˛O±ˍ˕ʷ˪˕ʶɏF«ˠȦļ½Ⱦ˸Ǜ˳ˊˬ˕˭
ˠʶAffymetrix website ˜ē*ˌ˵˛ʾ˴˻̸̧̠̙́̍̿˺˽̻(Mouse430v2.0, na27)˸QƝ
ˍʶGene Ontologý̲̕˸Ɲʾ˛ˡ̲́̕˃˻̸̠̙́̍̿ˌ˵˛ʾ˴̨̛̩̘̽́̑˸ɩ
Ąˍ˕ (GO:0003700 [transcription factor activity], GO:0016563 [transcription activator 
activity], GO:0016564 [transcription repressor activity])ʷ ˓ˍ˛ʶ̓E14.5, E15.0, E15.5, E16.5, 
E15.5 Dox+ ̈́ ˡ 
 ¤4ˠ½ ˍ ˛ ʶ ̦ ˻ ̓ ̿ ƭʀ.ğ ˸ǊJ ˍ ʶ 1=upregulated ʶ
0=downregulated ˝ˏ˴̢˽̝̺̣́́̿̕˝ˍ˛ȘƗˍ˕ʷ 
 
ÁuÀ¿t p8L:t
§©̰˾̏ˠ̨̟̻̿́̕żů (Abbot)˸ǾǼDŦ¿ˍʶŰˆAɍʮɭ˸ȕ˘˕æʶ«µȥ
˸ʕJˌˑ˕ʷþȖ
ˢȖɫˡƍ˸ʁˇƫƧ˜ʶŽȌƛƙʥŠ˸ɨ²Ɓˍ˕ʷ0.01%
ǗƃÙ˜ FastGreen (Wako)˸ŲYˍ˕ DNAżů 1µl ˸«µʶǬȀ˸ɚˍ˛ǵˡ lateral 
ventricleˠ˽̿̎˿̸̆̍̿ˍ˕ʷ˓ˡæʶŽȌƛƙʥŠ˜«µȥ˸Ƅ˲ˍ˛ 5mm IDˡ̩̹
̗̝ʓŌ (Nepagene)˸Ɲʾ˛ 50ms-onʶ950ms-offʶ33V ̣̻̏ (CUY21Edit, Nepagene)˸
ˀ˕ʷ̸̛̼̯̼̀̆̽́̍̿˃Ǘˍ˕æʶǾ˸ɸ˄̝˽̽̿ǐ(Bear medic)˜Ǩxˍʶ
Ʃǿ˸ 9mm Wound Clips (BD)˜ơ˭ʶȢɱˏ˴˪˜ 37ºCˡòŷ̛̩̼́˜ŷ˭˕ʷ̛̼̀̆
̸̯̼̽́̍̿ˠƝʾ˕ DNAżůˡƃÙˢwʸ pCAGGS-EGFP (1µg/µl)ʶpCAGGS-Foxg1 
(4µg/µl)ʶpCAGGS-Cre (1µg/µl) ˜ʽ˴ʷ 
 
ÁuÀÀt ¯·²§#t
Foxg1 ƦƗ̫̆́̕ (pCAGGS-Foxg1)ˢʶŕˡ˱ʿˠ(úˍ˕ʷFoxg1 ˡ cDNA ̧̛̹̳̇̿
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(1-2070)ˢ FLAG-mN11̫̆́̕(Tao and Lai, 1992)˱˳ PCRˠ˱˳qèˍ˕ʷPCR̩̹˽̰́
ˢ :Foxg1-Fw: ATGCTGGACATGGGAGATAGG ʶ Foxg1-Rv: 
TTATCATTTACAATGCAAATG ˜ʽ˴ʷPCR ˜qèˍ˕ Foxg1 ̧̛̹̳̇̿ˡǄ˸̺̿ɰ
_Iƙˍ˕ʷÀ@<ˡ pCAGGS̫̆́̕˸ Xho1˜Ů_ˍʶTakara DNA Blunting kit(Takara)
˜Óſ_ʶǺ̺̿ɰ_ˍ˛ʶ<ɖˡ̺̿ɰ_Ŵ˫ˡ Foxg1cDNA ̧̛̹̳̇̿˸̹˽̸̉́̍̿ˍ
˕ʷ 
ʯ ̧̻̍˿̹̼̯́̒́́̕˻̘̑˽Ɲˡ pGL4.30-Tbr1-5’Flanking ˢŕˡ˱ʿˠ(úˍ˕ʷ
CD1̰˾̏ˡ̠̲̉ DNA ˱˳ʶTbr1ˡ 5’ flanking ɬM (GenBank AB032374 (ref Taga))˸
PCRˠ˱˳qèˍ˕ʷỜ̧̹̳̇̿˸ In-Fusion cloning kit (Takara)˸Ɲʾ˛ʶpGL4.30ˡ
EcoRV ̋ ˽ ̛ ˠ À @ ˍ ˕ ʷ PCR ̩ ̹ ˽ ̰ ́ ˢ ʶ Tbr1-Full-Fw: 
GCTAGCCTCGAGGATGGATCCCAAACGTCATTTG;ʯ Tbr1-Full-Rv: AGGCCAGATCTT-ʯ
GATAGCTCTAGAACCTGAACGC˜ʽ˴ʷ 
 
ÁuÀÁt ¹­·¾¡º°¾¢¾¤ t
Neuroblastoma ǖǷǑǞ Neuro-2a ǖǷ(JCRB ǖǷ̢̿̆)ʶDulbecco’s minimal essential 
medium (Invitrogen) ʶOPTI-MEM I (Invitrogen) ˸ 50%ː˙űxˍ˕ˠ 10% fetal 
bovine serum ˸Yˀ˕˜śˌˑ˕ʷ̧̻̍˿̹̼̯́̒́́̕˻̘̑˽˜ˢʶ
9x103cells/wellˡƃÙ˜śǖǷ˸ 96well̺̆˻̛̩̼́ˠęƼˍʶ24Įɿæˠ̧̛̹̿̏˿̆
̸̍̿˸ȕ˘˕ʷ̧̛̹̿̏˿̸̆̍̿ˢ Fugene6(Promega)˸ƝʾʶpGL4.30-Tbr1-5’Flanking, 
100ng/well (luciferaseŪˠ̴̩̼̽́́̏̕ˡ Tbr1ˡ 5’FlankingɬM˸ǘ˫ɓ˹˖̊̿̏
̛̛̹̆)ʶpGL4.74, 100ng/well (Renilla luciferase)ʶpCAGGS-Foxg1, 500ng/well)ˡƃÙ˜À
@ˍ˕ʷ̧̛̹̿̏˿̸̆̍̿˂˲ 48ĮɿæʶDual-Glo Luciferase Assay System (Promega)˸Ɲ
ʾ˛ Luciferase Ũñ˸Ÿ±ˍ˕ʷŸ±ˢʶ1420ARVIOSX-1 ̻̱̠̳́́̕ (Perkin Elmer)˜
ȕ˘˕ʷẃ̚̕ˢ 4ɴŸ±˸ȕʾʶƒǂˍ˛ 3Ǫ˳ɕˍ˕ʷ 
  
ÁuÀÂt nTa`0t
ǖǷğˡ±ɶˠˢʶImage J˸Ɲʾʶ100umÒˡ radial unit˜wǖǷğ˸ȨŸˍ˕ʷ±ɶ́̚
̕ˢʶn=3 ˜Ó4±SEM(ŐŻȴË )˜ƴˍ˕ʷǞȨƧĴöËŋ±ˠˢ Paired 
Two-tailed Student’s tŋ±˸Ɲʾʶĸȷġ˜ˢhʇ` p<0.05˜Ĵö˟Ë˝ȟ˟ˍ˕ʷ 
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NÂMt S1t
t
ÂuÀt \Fg%¨µ¾»½	ci y}wt
ʯ ̧̪̘̜́́̆ɏF«˜ʽ˴ forkhead box G1̓Foxg1̈́ˢʶ£ǻƩɆˡ̻̱̇̿̕ɰ(\
ñ̶̞́̽̿ˡ̨̋̕˽̩Ţ±˸Séˏ˴ɪ «˝ˍ˛ʶN˭˛~ˌ˵˕K«˜ʽ˴
(Hanashima et al., 2004)ʷFoxg1ŔḚ̇˾̏ˡ£ǻƩɆƵǙÕǖǷˢʶæ˂˲ƛ˪˵˴ Ctip2
ʈñˡŰǼ̶̞̽̿ʶˁ˱˥ Brn2 ʈñˡǼ̶̞̽̿ˡ˷˳ˠʶNĵˡ CR ǖǷˡ˫
˸Ɯƛˍǡˈ˴̓ 3.1̈́ˊ˝˂˲ʶFoxg1ˢĳNĵˡ CRǖǷˡK_˸āSˏ˴ˊ˝˜ʶŰÆ̞
̶́̽̿ˡK_˸ŗˠSéˏ˴ˊ˝˃ư˲˵˛ʾ˴˃ʶ˓ˡSéœŎˡȰǖˠ˙ʾ˛ˢĬ
˜ʽ˘˕ʷ˓ˊ˜£ǻƩɆ̶̞́̽̿ˡK_ˠˁˈ˴ Foxg1 ˡœǸ˸Ȧļˏ˴˕˭ˠʶFoxg1
ˡƦƗ˸ƛ&D˜yȶƧˠĚ(˜˄˴ʶtet-Off ̙̲̍̏˸Ɲʾ˕̊̿̚˼̸̝̻̠̘̍̆˻˾̛
̰˾̏˸(Ȝˍʶ̜̅̍̋˽̺̆̿ˡĂ˝ʅl˸ǘ˫x˷ˑ˴ˊ˝˜öˡƦƛ̙̏́̎ˠ
Foxg1ˡƦƗ˸ȳÀ˜˄˴̙̲̍̏˸Ƴǂˍ˕̓ 3.2Ä́ʷˊˡ̰˾̏˜ˢ Foxg1ˡ̜̊́ɬM
˸ tet ̛̹̿̏˻̗̫̣̆́̿̆̕̕Ɇ̓tTÄ́ˡ̜̊́ɬMˠǫĔˍ˛ʾ˴˕˭ˠ̓Foxg1tTA/+̈́ʶ
ħ­ˡ Foxg1lacZ/+̪̙̰̽˾̏˝ďˈx˷ˑ˴˝ Foxg1 ɪ «ˡ̠̘̆˻˾̛̰˾̏
̓Foxg1tTA/lacZ̈́˃è˲˵˴˃ʶˊ˵˲˸̛̙̹̋˽̺̆̿íǉñ̴̩̽́́̕(tetO)Séˠ¡ĺ
ñˡ Foxg1 ˡ cDNA ˸ċ@ˍ˕̛̹̿̏̎˿̞̘̰̆˾̏̓tetOFoxg1 ̰˾̏̈́˝ďˈx˷ˑ˴˝
̓Foxg1tTA/lacZ; tetOFoxg1 ̰˾̏͋ ʃ Foxg1tetOFoxg1̰˾̏˝ȘȪ̈́ʶ̜̅̍̋˽̺̆̿ˡʗĂ
˜ˢDñˡ Foxg1̴̩̽́́̕ˡŨñ_ˠ˱˳ tTA ˃ƦƗˍʶˊ˵˃ tetO ̴̩̽́́̕
ʠˠǚxˏ˴ˊ˝˜ Foxg1ˡƦƗ˃ȳÀˌ˵˴ʷĥ̜̅̍̋˽̺̆̿ˡĂ˜ˢʶ̜̅̍
̋˽̺̆̿˃ tTA ˡ tetO ˧ˡǚx˸ʂ¶ˍʶFoxg1 ˡƦƗ˃Ũñ_ˌ˵˴ʷ˓ˊ˜ʶFoxg1
ˡƦƗĮĵ˸Ě(ˏ˴ˊ˝ˠ˱˴ƵǙÕǖǷˡĮɿƧ̦̙̊̿̿̏˧ˡãʙ˸ȶ˨˴˕˭ʶˊ
ˡ̰˾̏ˠǵƛ 9.5Ĩƫ̓E9.5̈́˂˲̜̅̍̋˽̺̆̿˸Ăˍ Foxg1ˡƦƗ˸āSˍʶE14.5ˠ
̜̅̍̋˽̺̆̿ˡĂ˸6Ŗˍ˛ Foxg1 ˡƦƗ˸ȳÀˍ˕( 3.2B)ʷ˓ˡǚľʶ̜̅̍̋˽̆
̺̿ˡĂ
Ŗˠ˱˳ Foxg1ˡƦƗ˸EȳÀ˜˄˴ˊ˝ʶ˪˕ Foxg1ˡƦƗȳÀˠ!ʾ CRǖ
Ƿ̰́̃́ˡ ReelinʈñǖǷˡƜƛ˃āSˌ˵˴ˊ˝˃Ƴȱˌ˵˕(Kumamoto et al., 2013) 
( 3.2C,D)ʷŕˠʶFoxg1 ˡƦƗ˸ȳÀˌ˵˕ƵǙÕǖǷˡ̦̙̊̿̿̏˸>ƣǘǩŀȇˠ
˱˳ŋȬˍ˕ʷ 
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ÂuÁt ;¨µ¾»½A@qt
ʯ ɖˍ˕ Foxg1tetOFoxg1̰˾̏˸Ɲʾ˛ Foxg1 ˡƦƗ˸ǵƛ͈ͅĨƫˠȳÀˏ˴˝ʶƵǙÕǖ
ǷˡCRǖǷˡ̦̙̊̿̿̏˃āSˌ˵˴ˊ˝˸ƴˍ˕( 3.2D)ʷˊˡĮˠƵǙÕǖǷ˂˲ˢ˞
ˡ̨̋̕˽̩ˡ̶̞́̽̿˸Ɯƛˍ˛ʾ˴ˡ˂˸ŋȬˏ˴ƈˠʶyŏˡĥť˸Ɲʾ˛ Foxg1ˡ
ƦƗ˸ E14.5ˠȳÀˍʶƦƗȳÀƬæ̓E14.5̈́ʶˁ˱˥ƦƗȳÀ 24Įɿæ̓E15.5̈́ˠBrdU˝
EdU ˸wͅː˙ǾǼDĂˍ˕̓ 3.3B̈́̓ĸĥťˡȰǖˠ˙ʾ˛ˢǅ 2 ǃ˸mƌˌ˵˕
ʾ̈́ʷ˓ˍ˛ʶwʸˡĮĵˠƜƛˌ˵˴̶̞́̽̿˸y±ˏ˴˕˭ˠŰǼ̶̞̽̿ƐƢƧƦ
Ɨ̣̿̆̕Ɇ Ctip2̓Arlotta et al., 2005̈́ʶǼ̶̞̽̿ƐƢƧƦƗ̣̿̆̕Ɇ˝ˍ˛ Brn2
̓McEvilly et al., 2002̈́n˥ Satb2̓Alcamo et al., 2008; Britanova et al., 2008̈́˸Ɲʾ˕ʷ˓ˡ
ǚľʶE14.5 ˠ Foxg1 ˸ƦƗˌˑ˕£ǻƩɆ˜ˢʶɚÑ Satb2+Ǽ̶̞̽̿˃Ɯƛˌ˵˴
Įĵ˜ʽ˴ˠˮʀ˷˲ː Ctip2+ŰǼ̶̞̽̿˃Ɯƛˌ˵˴ˊ˝˃˷˂˘˕ (Foxg1tetOFoxg1̰˾
̏, 72.6±2.6% Ctip2+/E14.5 BrdU+ǖǷ; ̛̻̰̊̿̽́˾̏, 5.9±0.7% Ctip2+/E14.5 BrdU+ǖ
Ƿ;O 3.3Cʷ˓ˍ˛ʶŰǼ̶̞̽̿ˡƜƛˠǡʾ˛ Brn2+n˥ Satb2+ˡǼ̶̞̽̿˃Ɯ
ƛˌ˵˴ˊ˝˃˷˂˘˕(Foxg1tetOFoxg1 ̰˾̏, 22.1±4.5% Brn2+/E14.5 BrdU+ǖǷ, 75.2±6.8% 
Brn2+/E15.5 EdU+ǖǷ, 15.1±2.5% Satb2+/E14.5 BrdU+ǖǷ, 54.6±12.6% Satb2+/E15.5 EdU+
ǖǷ; ̛̻̰̊̿̽́˾̏, 88.1±8.1% Brn2+/E14.5 BrdU+ǖǷ, 18.8±7.1% Brn2+/E15.5 EdU+
ǖǷ, 32.0±5.3% Satb2+/E14.5 BrdU+ǖǷ, 16.2±3.2% Satb2+/E15.5 EdU+ǖǷ;  3.3C, F)ʷ
˙˪˳ʶˊˡ£ǻƩɆ˜ˢĂ¿̶̞́̽̿ˡƜƛ˃ɚÑ˱˳ɠˆȳÀˌ˵˕ˠˮʀ˷˲ːʶŰ
Ǽ̶̞̽̿˝Ǽ̶̞̽̿˃ŗˍʾʜØ˜Ɯƛˌ˵˴ˊ˝˃˷˂˘˕ʷ˪˕ʶ̛̻̊̿̽́ˠ
ˁˈ˴ BrdU ˪˕ EdU ŐȺǖǷˢƩɆĻˠƺ\ˍ˛ʾ˴˃ʶ˓ˡĥ˜ Foxg1tetOFoxg1̰˾̏
˜ˢʶŐȺǖǷˡ CP Ƭ˜ˡȎƽ˃Ȥºˌ˵˕( 3.3C)ʷFoxg1tetOFoxg1 ̰˾̏ˡ CP ˢ
Foxg1ƦƗāSĵɿ
ˠɤVƜƛˌ˵˕ CRǖǷ˜Ŏúˌ˵˴ˊ˝˂˲ʶˊˡǖǷŎǎˢʶɚ
ÑˡƦƛˠˁʾ˛ CRǖǷ˸|ˬ marginal zone (ɒǧÐ; MZ)Ƭˠˁˈ˴Ă¿̶̞́̽̿
ˡƺ\6Ŗˠʤ#ˍ˛ʾ˴ˊ˝˃˷˂˴ʷ 
ʯ E14.5 ˡ Foxg1 EƦƗ³ʫˡǚľ˸˦˪ˀʶˌ˲ˠˊˡ Foxg1tetOFoxg1̰˾̏˸Ɲʾ˛ Foxg1
ˡƦƗ˸ E15.5ʶE16.5 ˝ŜʊƧˠɠˆˍ˛ŰǼ̶̞̽̿˝Ǽ̶̞̽̿ˡK_ȳÀˡŋ
Ȭ˸ȕ˘˕̓ 3.3D, Ë́ʷ˓ˡǚľʶE15.5 Foxg1ƦƗȳÀˠˁʾ˛ˮ E14.5ˡĮ˝yŏʶŰ
Ǽ̶̞̽̿˝Ǽ̶̞̽̿˃ˊˡʜØ˜Ɯƛˌ˵˴ˊ˝˃˷˂˘˕ʷˏ˟˷˗ʶCtip2+ŰÆ
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̶̞́̽̿ˢ BrdU ˜ˠŐȺˌ˵(37.3±6.8% Ctip2+/E15.5 BrdU+ǖǷ, 0% Ctip2+/E16.5 
EdU+ǖǷ;  3.2D, F)ʶSatb2+n˥ Brn2+Ǽ̶̞̽̿ˢ ˝ˍ˛ EdU ˜ŐȺˌ˵˕
(16.7±5.0% Satb2+/E15.5 BrdU+ǖǷ , 34.6±0.6% Satb2+/E16.5 EdU+ǖǷ , 27.7±3.6% 
Brn2+/E15.5 BrdU+ǖǷ, 35.4±2.9% Brn2+/E16.5 EdU+ǖǷ;ʯ   3.3D, F)ʷˊ˵˲ˡǚľ˂˲ʶ
Ă¿̶̞́̽̿ˡȳÀˡ̕˽̱̿̇ˠʀ˷˲ːʶǼ̶̞̽̿ˠ<ǂ˘˛ŰǼ̶̞̽̿ˡ
K_˃ȳÀˌ˵˴ˊ˝˃˷˂˘˕( 3.4D)ʷˊ˵˲ˡǚľʶ£ǻƩɆˡƵǙÕǖǷˡ̦̙̊̿
̿̏ˡƺȕ˃ƦƛĮɿˠ+­ˍ˟ʾˊ˝ʶˌ˲ˠǼ̶̞̽̿ˡ̦̙̊̿̿̏ƔèˠˢŰÆ
̶̞́̽̿ˡ̦̙̊̿̿̏˸̘̩̏̅˜˄˟ʾˊ˝˃ƴˌ˵˴ʷ£ǻƩɆˡƵǙÕǖǷˢ CR
ǖǷʶŰǼ̶̞̽̿ʶǼ̶̞̽̿˸Ɯƛˍ˕ˡ˗ˠ̺̇˻ǖǷ˸Ɯƛˏ˴ˊ˝˃ư˲˵˛
ʾ˴˃ʶ£ǻƩɆĂ¿̶̞́̽̿˸̺̇˻ǖǷƜƛĵˠȳÀ˜˄˴˂˸Ȯˏ˕˭ˠʶɚÑˡ
Ǽ̶̞̽̿˂˲̺̇˻ǖǷˡƜƛˠL˳Ĳ˷˴ E16.5 ˠˁʾ˛ Foxg1 ˸ƦƗȳÀˍ˕˝ˊ˶ʶ
Ctip2ʈñˡŰǼ̶̞̽̿ʶBrn2n˥ Satb2ʈñˡǼ̶̞̽̿ˡʾː˵ˮ˃Ɯƛˌ˵˟
ʾˊ˝˃˷˂˘˕ ( 3.3E, F)ʷˊ˵˲ˡ̰˾̏˜ˢ̺̇˻ǖǷˡ̰́̃́˜ʽ˴
Olig2(Seuntjens et al., 2009)˸ƦƗ˃Ƴȱˌ˵˕̛̻̰̓̊̿̽́˾̏: 6.0±1.9%, Foxg1tetOFoxg1 
̰˾̏: 3.5±1.4% BrdUŐȺǖǷ/Olig2ʈñǖǷ p=0.42,  3.4B,C̈́ʷˊ˵˲ˡǚľʶÆ̞
̶́̽̿ˡ̦̙̊̿̿̏ˡɾ¨ˢŰǼ̶̞̽̿ˡƜƛ˸Ǚ˴ìȞ˜ʽ˴ˊ˝ʶˌ˲ˠÆ̶̞
́̽̿ˡ̦̙̊̿̿̏ˡǗǚˢ̺̇˻ǖǷˡ̦̙̊̿̿̏ˡɾ¨ˠ˱˘˛Ǘǚˏ˴ˊ˝˃ƴˌ˵
˕( 3.4D)ʷ 
 
ÂuÂt ¨µ¾»½ Foxg1D?P[Of	t
ʯ ɖˍ˕ǚľ˸˦˪ˀ˴˝ʶ£ǻƩɆˡƵǙÕǖǷ˃Ă¿̶̞́̽̿ˡƜƛʜØ˸Ƞ±ˏ
˴œŎ˝ˍ˛ˡ͆˙ˡʶʗĎƧ˟ȵ˃ǯˀ˲˵˕͋ 1)£ǻƩɆ̶̞́̽̿Ɯƛ˃N
ĵˡ CR ǖǷ˂˲Ă¿̶̞́̽̿ˠL˳Ĳ˷˴ʌˠ(\ˏ˴ƵǙÕǖǷˡDñ̦̙̊̿̿
̏˃Ǽ̶̞̽̿˱˳ˮŰǼ̶̞̽̿Ɯƛˠ5˘˛ʾ˴ˊ˝ʶ2) Ǽ̶̞̽̿ˡ̦̙̊̿
̿̏ˡɾ¨˃ŰǼ̶̞̽̿˂˲ˡ̝̻̍̇ˠ˱˘˛Séˌ˵˴ˊ˝( 3.5)ʷ˓ˊ˜˪ːʶTǰ
ˡǖǷDñSéˠ˙ʾ˛ŋȩˏ˴ƫƧ˜ʶˋˆÂğˡĂ¿̶̞́̽̿ˡƜƛ˸³ʫƧˠ
ȳÀˍ˕̰˾̏£ǻƩɆˠˁˈ˴ʶŰÆ̀Ǽ̶̞̽̿ˡƜƛˠ˙ʾ˛Ȧļ˸ȕ˘˕ʷþť
˝ˍ˛ʶĂ¿̶̞́̽̿ˡƜƛ˃ȕ˷˵˟ʾFoxg1ɪ «ŔḚ̇˾̏̓Foxg1-/- ̰˾̏̈́ˡƦƛ
̙̏́̎ E14.5 ˡ̰˾̏ˠ Foxg1ƦƗ̫̆́̓̕pGAGGS-Foxg1̈́˸«µDʓşǀ¬ťˠ˱˳
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ÂğˡƵǙÕǖǷˠÀ@ˍʶˌ˲ˠÀ@ǖǷˡuȡ_ˡ˕˭ˠʶEGFP ƦƗ̫̆́̕
̓pCAGGS-EGFP̈́˸BÀ@ˍ˕( 3.6)ʷˊˡ Foxg1 ̠̘̆˻˾̛̰˾̏ˡ£ǻƩɆ˜ˢ CRǖ
Ƿ˃ɤVƜƛˌ˵ʶĂ¿̶̞́̽̿˃Ɯƛˌ˵˟ʾ(Hanashima et al., 2004)ʷˍ˂ˍʶFoxg1 ˸
À@ˏ˴˝ʶÀ@ɫ$ˡÂğˡǖǷ˜ˡ˫ Ctip2 ʈñˡŰǼ̶̞̽̿ˡK_˃ȱ˭˲˵˕
( 3.7B, C)ʷˊ˵˲ˡǚľ˂˲ʶFoxg1ˢǖǷȁåƧˠŰÆĂ¿̶̞́̽̿ˡK_˸ȳÀˏ
˴ˊ˝˃ƴˌ˵˕ʷŕˠʶˊˡĹ˜Ǽ̶̞̽̿˃ȳÀ˜˄˴˂˞ʿ˂˸Ƴȱˏ˴˕˭ˠʶ
Ǽ̶̞̰̽̿́̃́̓Satb2 n˥ Brn2̈́ˡ>ƣǘǩŀȇ˸ȕ˘˕ʷ˓ˡǚľʶFoxg1 ˡÀ
@ˠ˱˘˛ Satb2 ʈñn˥ Brn2 ʈñˡǼ̶̞̽̿˃ Ctip2 ʈñˡŰǼ̶̞̽̿˝˝ˮ
ˠȳÀˌ˵˴ˊ˝˃Ƴȱˌ˵˕̓ 3.7B, C̈́ʷˊˡ˝˄ˡƦƗ̣́̿̕ˠ˙ʾ˛ȰǖˠȦļˍ˕
˝ˊ˶ʶSatb2ʈñ˪˕ˢ Brn2ʈñǖǷˢ Ctip2ʈñǖǷ˝ƭțƧ˟ƦƗ̣́̿̕˸ƴˏˊ˝
˃˷˂˘˕( 3.7B, C)ʷ˪˕ Ctip2ˢGFPʈñǖǷʶˏ˟˷˗ Foxg1À@ǖǷˠƦƗˍ˛ʾ
˴ˡˠ½ˍʶSatb2ʈñǖǷˢˠ GFPʆñǖǷˠƦƗˍ˛ʾ˴8z˃ȱ˭˲˵˕( 3.7B, 
C)ʷˊˡˊ˝˂˲ʶSatb2 ʈñˡǼ̶̞̽̿ˡɈźˠ˙ʾ˛ʶ1̈́ Satb2 ʈñǖǷˢ Ctip2
ʈñˡŰǼ̶̞̽̿ˠʎđˍ˕ Foxg1 ʆñˡǖǷ˂˲K_ˍ˕ʶ2̈́ʯ Satb2 ʈñǖǷˢ
Foxg1 À@ƵǙÕǖǷ˂˲Ʀƛˏ˴˃ʶ̫̆́̕À@æˠȝğˡǖǷKș˸Ǚ˕˕˭ˠ
GFP ̩̹̱̜̏˃KșÎɲˍ˕uǸñʶˡ 2 ˙ˡuǸñ˃õ±ˌ˵˕ʷ˓ˊ˜ʶˊ˵˲ˡuǸ
ñ˸ŋȬˏ˴ƫƧ˜ʶROSA26loxp-stop-loxp-YFṔ̼̯̰́̕˾̏˸ Foxg1-/- ̰˾̏˝ďˈx˷ˑ˕
̰˾̏˸(Ȝˍʶ<˩˞ˡ Foxg1 ƦƗ̫̆́̓̕pGAGGS-Foxg1̈́˝ Cre ǘĔˀɯǔƦƗ̫̆
́̕(pCAGGS-Cre)˸«µDʓşǀ¬ťˠ˱˳À@ˍ˕( 3.8A)ʷˊˡ̰˾̏˜ˢʶFoxg1 ̠̘
̆˻˾̛̰˾̏ˠ Cre +­Ƨˠ YFP ˸ƦƗˏ˴̼̯́́̕˃À@ˌ˵˛ʾ˴˕˭ˠʶFoxg1 ˸
À@ˍ˕ƵǙÕǖǷˡǑȻ˸ YFP ˜ŐȺˏ˴ˊ˝˃uǸ˜ʽ˴ʷˊˡ̰˾̏˸>ƣǘǩŀȇ
ˠ˱˳Ȧļˍ˕ǚľʶCtip2ʈñǖǷʶSatb2ʈñǖǷ˝ˮˠYFPʈñǖǷ˜ʽ˴ˊ˝˃Ƴȱˌ
˵˕( 3.7B)ʷç˘˛ʶSatb2ʈñǼ̶̞̽̿ˡɈź˃ʶŰǼ̶̞̽̿yŏˠʶFoxg1À
@ǖǷǑȻ˂˲K_ˏ˴ˊ˝˃ƴˌ˵˕ʷŕˠʶˊ˵˲ÂğˡĂ¿̶̞́̽̿˸ȳÀˍ˕£ǻ
ƩɆˠˁʾ˛ʶwʸˡǼ̶̞̽̿ˡƜƛˡ̕˽̱̿̇˸ȶ˨˴˕˭ˠʶBrdU˝EdUˡ̣̻̏
ŐȺ˸Ɲʾ˕ȲƛĨȦļ˸ȕ˘˕ʷE14.5 ˡ Foxg1-/-̰˾̏ˠ Foxg1 ƦƗ̫̆́̕
(pCAGGS-Foxg1)˝ EGFPƦƗ̫̆́̕(pCAGGS-EGFP)˸À@ˍʶ˓ˡƬæˠ BrdU˸Ă
ˍ˕ʷǡʾ˛ʶFoxg1 ˸À@ˍ˕ 24Įɿæ E15.5ˠ EdU ˸ĂˍʶE18.5˜Ȧļ˸ȕ˘˕(
3.9A)ʷ>ƣǘǩŀȇˠ˱˳Ctip2ʈñǖǷn˥ Satb2ʈñǖǷ˃ʾː˵˂˜ŐȺˌ˵˛ʾ˴
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8z˸ȶ˨˕ǚľʶCtip2 ʈñǖǷ˃ BrdU ˜¢ˆŐȺˌ˵ (39.4±1.1% BrdU+/Ctip2+, 
14.7±1.8% EdU+/Ctip2+)ʶSatb2 ʈñǖǷˢ EdU ˜˱˳¢ˆŐȺˌ˵˴8z (16.0±1.7% 
BrdU+/Satb2+, 36.5±2.1% EdU+/Satb2+)˃Ĭ˲˂ˠ˟˘˕( 3.9B,C)ʷˏ˟˷˗ʶFoxg1 ˡƦ
Ɨˠ˱˳ˋˆÂğˡĂ¿̶̞́̽̿˸ȳÀˍ˕xˠˁʾ˛˜ˮʶŗÑ˟Ʀƛyŏˠ Ctip2 ʈ
ñŰǼ̶̞̽̿˃Ɯƛˌ˵ʶ˓ˡæʶSatb2ʈñǖǷ˃Ɯƛˌ˵˴ˊ˝˃˷˂˘˕( 3.9D)ʷ
ˊˡˊ˝˂˲ʶ£ǻƩɆˡŰÆˁ˱˥Ǽ̶̞̽̿ˡƜƛ̣́̿̕˃ Foxg1 ƦƗǖǷˡǑ
Ȼ˜ǖǷȁåƧˠSéˌ˵˛ʾ˴ˊ˝˃ƴˌ˵˕ʷ 
 
ÂuÃt \Fg¨µ¾»½A@q_i©¤¦¼¾t
ʯ Tɖˍ˕ Foxg1 À@ǖǷˡǑȻȦļˠ˱˳ʶFoxg1 ˡƦƗ˓ˡˮˡ˃ŰÆ̀Ǽ̶̞̽̿
ˡK_˝Ɯƛ̕˽̱̿̇˸ǖǷȁåƧˠSéˍ˛ʾ˴ˊ˝˃Ĭ˲˂ˠ˟˘˕ʷ˓ˊ˜ʶFoxg1 ˡ
Ūˡɪ «̛̟̘̾́̆˸y±ˏ˴ˊ˝˜ʶ˓ˡSéˡK«³&˸Ĭ˲˂ˠˏ˴ˊ˝˸Ȯ˫
˕ ʷǅ 1.5 ǌ˜ɖ˨˕˱ ʿˠ ʶ£ǻƩɆ˸Ŏúˏ˴Ȟ˟Ǽ̶̞̽̿ˢ ʶ
Fezf2-Ctip2-Satb2-Tbr1 ˡƭāS˜Ŏúˌ˵˴ɏF«̛̟̘̾́̆˜Ƴǂˌ˵˴ˊ˝˃ƴ
ˌ˵˛ʾ˴( 3.10A)ʷ˓˵˔˵ˡɏF«ˢƩɆ¡ʶƩɆɿʶƩɆʱȡ×Ă¿̶̞́̽̿ˡ
̨̋̕˽̩Ţ±˸Ćʿʷˊˡɪ «̛̟̘̾́̆ˡƭāSˡñɆ˂˲ʶ£ǻƩɆĂ¿̶̞́
̽̿ˡK_̩̹̲̽̇ˡɾ¨ˠˢˊˡ
ˡʾː˵˂ˡɏF«ˡǺāSˠ˱˴ÓȗƑøˡȦ
ʅ˃ìȞ˜ʽ˴ˊ˝˃ǯˀ˲˵˕ʷTʛ˜ŋȬˍ˕˱ʿˠFoxg1ˡƦƗˠ˱˳ŰǼ̶̞̽̿ˡ
Ɯƛ˸ȳÀ˜˄˴ˊ˝˸ǯùˏ˴˝ʶFoxg1 ˃ˊˡɏF«̛̟̘̾́̆ˡÓȗƑøˡȦʅˡ
œǸ˸Ć˘˛ʾ˴uǸñ˃ƴˌ˵˕ʷ˓ˊ˜ʶƛ&D˜ˡ Foxg1 ˡƦƗȳÀˠ½ˏ˴ˊ˵
˲ɏF«ˡƦƗ _ˠ˙ʾ˛Ȧļˍ˕ʷˊˡ˕˭ˠǅ 3ǃ 1ǌn˥ 2ǌ˜Ɲʾ˕ Foxg̊
̿̚˼̸̝̻̠̘̍̆˻˾̛˸ƝʾʶE9.5 ˂˲ E14.5 ˂˲˪˜̜̅̍̋˽̺̆̿˸Ăˍ˕ˡ˗ˠʶ
̜̅̍̋˽̺̆̿ˡʅlˠ˱˳ Foxg1 ˡƦƗ˸ȳÀˍ˕£ǻƩɆƵǙÕǖǷ˸ FACS ˠ˱˳Ǚ
ĮƧˠpˍ˕̓E14.5, E15.0, E15.5, E16.5ˡw̙̏́̎̈́( 3.10B)ʷ½ƌ³ʫǭ˝ˍ˛ˢy
ŏˡ̊̿̚˼̸̝̻̠̘̍̆˻˾̛̰˾̏˜ʶE9.5˂˲ E15.5˪˜̜̅̍̋˽̺̆̿˸Ăˍ˛p
ˍ˕̩̻̋̿(E15.5 Dox+)˸Ɲʾ˕ʷ˓˵˔˵ˡ̩̻̋̿˂˲A RNA ˸ąJˍʶAffymetrix 
GeneChip ̰˽̆̽˻̼˽˜ɪ «ƦƗ̧̩̽˺˽̻˸qèˍ˕ʷ˓ˍ˛ʶwɪ «̨̩̽́ˠ
˙ʾ˛ one-way ANOVAȦļ˜ False Discovery Rate (FDR)˃ 0.05ˡ̨̩̽́˸Ĵö˝
O±ˍ˕ʷˌ˲ˠʶĴöË˃ȱ˭˲˵˕̨̩̽́ˠ½ˍ˛˓˵˔˵ˡ
¤ƦƗ4˜̦˻̓̿ƭ
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ʀ.ğ˸ȨǊˍ˛ʶ1 = upregulateʶ0 = downregulate ˝ˍ˛ʻE14.5, E15.0, E15.5, E16.5, 
E15.5+ʼˡ 5Ĺˡ̢˽̝̺̣́́̿̕˸ȨǊˍ˕ʷˊˡ̺̞̏̆́̿̇þťˠ˚˄ Foxg1Ʀ
Ɨˠíǉ˃ȱ˭˲˵˕ɪ «ǭˡ
˜ʶTɖˍ˕ɏF«̛̟̘̾́̆ˡŎúɪ «ˢ Tbr1
ˡ˫˜ʽ˴ˊ˝˃OĬˍ˕( 3.10C)ʷTbr1 ˢ£ǻƩɆˠˁʾ˛ CR ǖǷ˯̶̨̛̩̼̞̋́
́̽̿˸|ˬNĵ̶̞́̽̿ˠƦƗˍ˛ʾ˴ˊ˝˃ư˲˵˛ʾ˴(Hevner et al., 2001)ʷˊ˵˲ˡ
ưȟ˸ǯùˏ˴˝ʶ<ˡɏF«̛̟̘̾́̆ˠˁʾ˛ Foxg1 ˃£ǻƩƵǙÕǖǷˡNĵˠ
ƦƗˍ˛ʾ˴ Tbr1 ˸āSˏ˴ˊ˝˜ʶ˓ˡæˡŰǼ̶̞̽̿(Fezf2, Ctip2ʈñǖǷ)ˡƜƛ
˸ɾ¨ˌˑ˛ʾ˴ˊ˝˃õˌ˵˕ʷ 
ʯ ˓ˊ˜ûʸˢɚÑˡ£ǻƩɆƦƛɤƻˠˁˈ˴ Foxg1 ˝ Tbr1 ˡƦƗ̣́̿̕˸>ƣǘǩ
ŀȇˠ˱˳ŋȬˍ˕ʷ˪ːK_̶̞́̽̿˜ˢ Tbr1 ˡƦƗˢ Foxg1 ˡƦƗˠ<ȕˍ˛ɾ¨ˍ
( 3.11)ʶˊ˵ˢ Tbr1˃ CRǖǷˠƦƗˏ˴ˊ˝(Hevner et al., 2001)˝ʶCRǖǷˠˢ Foxg1
˃ƦƗˍ˛ʾ˟ʾˊ˝˝ȃˍ˛ʾ˴(Hanashima et al., 2004)ʷĥ˜ʶE11.5˜ˢƵǙTʪǖ
Ƿˠˁʾ˛ Foxg1 ˡƦƗ˃ÞˆŋJˌ˵˕( 3.11)ʷE13.5 ˠˁʾ˛ƵǙTʪǖǷ˝K_̞
̶́̽̿˜ Foxg1ˡƦƗ̼̫̻˃ʭˆ˟˳ʶ˓ˡƦƗˢɫ CP ˡ Tbr1ˡƦƗ˝ɴȝˍ˕(
3.11)ʷFoxg1 ˡƦƗ̼̫̻ˢA˛ˡ̙̏́̎ˠˁʾ˛ƵǙTʪǖǷ˱˳ˮK_̶̞́̽̿˜
ʭʾ8z˸ƴˍʶ˪˕ǖǷƺ\
ˢ˓ˡƦƗ̼̫̻˃%ˆ˟˴ˊ˝˃˷˂˘˕ʷˊˡ Foxg1 ˡ
ƦƗ\øˢ̻̩̇́ˡ~˝ȃˍ˛ʾ˴(Miyoshi and Fishell, 2012)ʷE15.5 ˜ˢʶTbr1
ˡƦƗˢ Foxg1 ʈñǖǷ˜Ŏúˌ˵˴ CP ˡdK(˝ˍ˛͉ÆǖǷ˸|ˬ)˜%ˆ˟˴(
3.11)ʷ˓ˍ˛£ǻƩɆˡÆŎɜ˃¯úˏ˴ƛæ͈Ĩƫ̓P4̈́˪˜ˠˢʶTbr1˝Foxg1ˢƭțƧ
ƦƗ̣́̿̕˸ƴˏ˱ʿˠ˟˴ʷˏ˟˷˗ʶTbr1ˢ Foxg1ˡƦƗ̼̫̻˃%ʾ 6Æ˝ SPˠʄ
Äˍ˛ƦƗˏ˴( 3.11)ʷ 
ʯ ŕˠʶFoxg1 ˠ˱˴ Tbr1 ˡƦƗāS˃ƬđƧ˟ɏFSé˸ˍ˛ʾ˴˂˸ŋȩˏ˴˕˭ˠʶ
̧̻̍˿̹̼̯́̒́́̕ɪ «˻̘̑˽˸ȕ˘˕̓ 3.12̈́ʷFoxg1 ˃̧̪̘̜́́̆ɏF
«˜ʽ˴ˊ˝˸˦˪ˀʶTbr1 ˡɏFɾ¨Ƈ˂˲Ūˠ̧̪̘̜̮̘́́̆̆̏ǚxɬM˸
ȝğ|ˬʶ3.9kbpˡDNAɬM˸̴̩̼̽́́̏̕ˡ̧̻̍˿̹̼̯́̒́́̕ɪ «ˡŪ
ˠ̞̆̽́̿̇ˍ˕( 3.12B)ʷˊˡ̫̆́̕˝ pCAGGS-Foxg1˸ƵǙȊǖǷǽŃˡ Neuro-2a
ǖǷˠB̧̛̹̿̏˿̸̆̍̿ˍʶ48 Įɿæˠ̧̻̍˿̹́̒Ũñ˸Ÿ±ˍ˕ʷ˓ˡǚľʶ
pCAGGS̫̆́̕ˡ˫˸@˵˕½ƌǭˠ½ˍʶpCAGGS-Foxg1 ˸À@ˍ˕³ʫǭˢ Tbr1ˡ
̴̩̽́́̕Ũñ˸ 31.0±2.9͂āSˏ˴ˊ˝˃ƴˌ˵˕̓p<0.05:  3.12C̈́ʷˊˡǚľ˂˲ʶ
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Foxg1ˠ˱˴Tbr1ˡƦƗāS˃ʶÂ˟ˆ˝ˮɫƬđƧ˟̴̩̽́́̕ŨñˡāSˠ˱˳Sé
ˌ˵˛ʾ˴ˊ˝˸ƴˍ˛ʾ˴ʷ 
 ŕˠʶ³ʌˠƛ&Dˠˁʾ˛ Foxg1 ˃ Tbr1 ˡƦƗ˸āSˏ˴˂˞ʿ˂˸ŋȬˏ˴˕˭ˠʶ
Foxg1 ̠̘̆˻˾̛̰˾̏(Foxg1-/-)ˠ Foxg1ƦƗ̫̆́̕(pCAGGS-Foxg1)˝ EGFPƦƗ̫̆̕
́(pCAGGS-EGFP)˸ E14.5 ˠ«µDʓşǀ¬ťˠ˱˳À@ˍʶ E18.5 ˡƦƛ̙̏́̎ˠˁ
ˈ˴ Tbr1 ˡƦƗ˸>ƣǘǩŀȇ˜Ȧļˍ˕( 3.13A)ʷFoxg1-/-̰˾̏˜ˢĂ¿̶̞́̽̿˃
Ɯƛˌ˵ːCRǖǷ˃ɤVƜƛˌ˵˛ʾ˴(Hanashima et al., 2004)ʷTbrͅˢCRǖǷˠˮƦƗ
ˍ˛ʾ˴ˡ˜ CP ˠˁʾ˛ Tbr1 ˃ʭˆƦƗˍ˛ʾ˴(Hevner et al., 2001)( 3.13B)ʷˊˡ
Foxg1-/-̰˾̏ˡ£ǻƩɆˠ Foxg1 ˸À@ˏ˴˝ GFPʈñǖǷˠˁʾ˛ Tbr1 ˃ǖǷȁåƧ
ˠāSˌ˵˕( 3.13C)ʷˌ˲ˠʶŰǼ̶̞̽̿ˡ̰̣́̃́̿̆̕Ɇ˜ʽ˴Ctip2n˥ Fezf2
ˡƦƗ˃ʶTbr1ˡƦƗāS˃˫˲˵˕GFPʈñǖǷˠʄ±ˍ˛ȳÀˌ˵˕( 3.13C, D)ʷˍ
˂ˍ˟˃˲ˊˡǚľ˂˲ˢʶTɖˍ˕ɪ «̛̟̘̾́̆ˠˁʾ˛ʶFoxg1 ˃ Tbr1 ˸ƬđŐƧ
˝ˍ˛˓ˡƦƗ˸āSˍ˛ʾ˴ˡ˂ʶˮˍˆˢ Foxg1 ˡƦƗ˃ˡ«˸ˍ˛ŕƧˠ
Ctip2ˡƦƗ˸ȳÀˍʶˊ˵˃ TbrˡƦƗ˸āSˍ˛ʾ˴ˡ˂˃`P˜˄˛ʾ˟ʾ̓ 3.10Ä́ʷ
˓ˊ˜ Foxg1 ˃ TbrˡāS˸ˍ˛ŰǼ̶̞̽̿ˡK_˸ǺāSˍ˛ʾ˴ˡ˂˸ŋȬˏ˴
˕˭ˠʶFoxg1 À@æ 24 ĮɿˡƱĮɿˠˁˈ˴ɪ «ˡƦƗˡ̕˽̱̿̇˸ŋȩˍ˕(
3.14)ʷˊ˵˲ˡ̰˾̏ˠˁʾ˛ Ctip2 ˝ Tbr1ˡ>ƣŀȇ˸ȕ˘˕ǚľʶGFPʈñǖǷˠˁʾ
˛ Tbr1ˡƦƗ˃āSˌ˵˕( 3.14B)ʷĥ˜ʶFoxg1ȳÀæ 24Įɿ˜ˢ Ctip2n˥ Fezf2
ˡƦƗ˃ȱ˭˲˵˟˂˘˕ˊ˝˂˲ʶTbr1ˡƦƗāSˢCtip2ˡƦƗȳÀˠ<ȕˍ˛Ý˄Ɉˊ
ˌ˵˴ˊ˝˃˷˂˘˕( 3.14B, C)ʷˍ˕˃˘˛ʶFoxg1ˢŕŐƧ˝ˍ˛ Tbr1ˡƦƗ˸āSˍʶ
˓ˡǚľ Ctip2ˡƦƗ˃ŕƧˠȳÀˌ˵˛ʾ˴ˊ˝˃ȬĬˌ˵˕ʷ 
ʯ ˌ˲ˠʶGFPƦƗ̩̹̱̜̏˸À@ˍ˕̛̻̰̊̿̽́˾̏˜ˢGFPʈñǖǷˢ Tbr1ʈñCR
ǖǷÆˠ-@ˍ˙˙ʽ˴( 3.14B Ŝ)ʷĥ˜ʶFoxg1 ƦƗ̩̹̱̜̏˸À@ˍ˕ǖǷ˜ˢ
ˊˡ CR ǖǷÆˠ-@˜˄˛ʾ˟ʾˊ˝˃˷˂˴( 3.14B Ŝ)ʷˊ˵˲ˡKỊ́́̿̕ˢɚ
Ñˡ£ǻƩɆƦƛ˜˫˲˵˴ CR ǖǷʈñˡɒǧÐƬ˜ˡĂ¿̶̞́̽̿ˡǖǷƺ\6
Ŗ˝ʤ#ˍ˛ʾ˴ʷ 
ʯ ŕˠƛ&D˜ Foxg1ˡƦƗ˸āSˍ˕xˠ Tbr1ˡƦƗ˃ȳÀˌ˵˴˂˞ʿ˂˸ŋȬˍ˕ʷ
˓ˡ˕˭ˠʶTɖˍ˕ Foxg1tetOFoxg1̰˾̏( 3.15A)ˠ E12.5˜̜̅̍̋˽̺̆̿˸Ăˍ E14.5
˜>ƣǘǩŀȇ˸ȕ˘˕( 3.15B)ʷ̛̻̊̿̽́˜ˢTbr1ˡƦƗˢCPˡǖǷƺ\˸ɾ¨ˍ
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˕K_̶̞́̽̿ˠʄÄˍ˛˫˲˵˴ĥ˜ʶFoxg1 E12.5 ̊̿̚˼̸̝̻̠̘̍̆˻˾̛̰˾̏
̓cKÖ́˜ˢʶTbr1ˡƦƗˢ Tuj1ʈñˡĪĵK_̶̞́̽̿˜īˏ˴ˊ˝˃˷˂˳ʶˌ˲ˠˊ
ˡƦƗȳÀˢ CPˠˁˈ˴ Fezf2ƦƗˡŮ¥˝ƭʀˍ˛ʾ˕( 3.15C, D)ʷˌ˲ˠyŏˡ³ʫ
˜ɫ CP˂˲ˡ Ctip2ʭƦƗǖǷˡŮ¥˝ʶ˓ˡǖǷ˜ˡ Tbr1 ˝ Ctip2ˡBƦƗ˃˫˲˵
˕( 3.15C, D)ʷˊ˵˲ˡǚľˢʶTbr1ˡƦƗīˢɏF«̛̟̘̾́̆Dˡ Ctip2ˡŮ¥
˱˳ˮˬˍ˶ Foxg1ˡƦƗāSˠɈˏ˴ˊ˝˸ƴˍ˛ʾ˴ʷ 
ʯ ˊ˵˲ˡǚľ˱˳ʶFoxg1ˠ˱˴ Tbr1ˡǠǡƧ˟ƦƗāSˢʶ£ǻƩɆ˜ˡ Fezf2ʈñǖǷ
ˡɢŢ±ˠìȞ˜ʽ˴ˊ˝˃ȬĬˌ˵˕ʷ˙˪˳ʶFoxg1ˠ˱˴ Tbr1ˡƦƗāSˠ˱˴ŰÆ
̶̞́̽̿ƐĴˡK«ƦƗ (Fezf2ON/Satb2OFF/Ctip2HI)ˡƳǂˠ˱˘˛ŰǼ̶̞͎̽̿Æ
̶̞́̽̿ˡ̦̙̊̿̿̏˃/Ȭˌ˵˛ʾ˴ˊ˝˃Ĭ˲˂˝˟˘˕ʷ 
 
ÂuÄt ¨µ¾»½A@;¨µ¾»½­¾§«¤
!ot
ʯ Tǌˠˁʾ˛ Foxg1 ˸À@ˍ˕£ǻƩɆƵǙÕǖǷ˃ʶǼ̶̞̽̿ˠ<ȕˍ˛ŰÆ̞
̶́̽̿˸Ɯƛˏ˴œØʶˁ˱˥˓ˡK«œŎ˃Ĭ˲˂ˠ˟˘˕ʷˍ˂ˍ˟˃˲Ǽ̶̞̽
̿ˡK_œŎ˸Ĭ˲˂ˠˏ˴˕˭ˠˢʶƵǙÕǖǷ˃ŰǼ̶̞̽̿˂˲Ǽ̶̞̽̿Ɯ
ƛ˧ƺȕˏ˴œŎˠ˙ʾ˛Pəŋȩˏ˴ìȞ˃ʽ˴ʷɏF«̛̟̘̾́̆̓ 1.3B̈́ˡñɆ
ʶǼ̶̞̽̿ˡƜƛˠˢ Fezf2 ˡƦƗāS˃ìȞ˜ʽ˴ˊ˝˃ǯˀ˲˵˴ʷFezf2 ˢƩ
Ɇ¡Ă¿̶̞́̽̿ˡK_˸ȳÀˍʶFezf2ˡ̠̘̆˻˾̛̰˾̏˜ĸĺˢƩɆ¡ˠĂ¿ˏ˴ˢ
ːˡɐǕ˃ǻŅ˸ɚɤˍ˛½7ƩɆ˧˝Ă¿ˏ˴ˊ˝˂˲ Fezf͆˃ƩɆɿĂ¿̶̞́̽̿ʶ˙
˪˳Ǽ̶̞̽̿ˡƜƛ˸āSˍ˛ʾ˴ˊ˝˃ƴˌ˵˛ʾ˴(Molyneaux et al., 2005)ʷ˜ˢʶ
˞ˡ˱ʿ˟œŎˠ˱˳ Fezf͆ˡƦƗ˃āSˌ˵˴ˡ˜ʽ˶ʿ˂ʷESǖǷƞĺˡ£ǻƩɆƵǙÕ
ǖǷ˸Ɲʾ˕<ȕƲƾ˜ˢʶ%¹ÙʩĹ˜ˢŰǼ̶̞̽̿ˡK_˸ȳÀ˜˄˴˃ʶ
Ǽ̶̞̽̿ˢȳÀ[ƕ˃Ō˭˛%ʾˊ˝˃~ˌ˵˛ʾ˴(Gaspard et al., 2008)ʷĥ˜ʶ
ES ǖǷ˸ŬɡʩĹ˜ȁÌǘǩ_ˌˑ˕£ǻƩɆŏˡŎɜ˸ȳÀˏ˴˝ʶŰǼ̶̞̽
̿ˠYˀʶǼ̶̞̽̿˪˜[ƕƧˠȳÀ˜˄˴ˊ˝˃ƴˌ˵˛ʾ˴(Eiraku et al., 2008)ʷˊ
˵˲ˡʩĹˡɦʾˠƯƫˏ˴˝ʶK_ǖǷ˝ƵǙÕǖǷ˃ɔđˍ˕Ĺ˜ˢÆ̶̞
́̽̿˃[ƕȆˆK_ȳÀ˜˄˴ˊ˝˃ƴˌ˵˴ʷĥ˜ʶFoxg1 ̠̘̆˻˾̛̰˾̏˧ˡ
Foxg1 ˡÀ@³ʫ˜ˢʶɵƛˠŞ˨Âğˡ Ctip2 ʈñˡŰǼ̶̞̽̿˜ˮǼ̶̞̽
̿ˡƜƛ˸ȳÀ˜˄˴ˊ˝˱˳̓ 3.13̈́ʶKŤñˡɼɉʑ(Ɲñ«ˠ˱˴±ɶƧ˟Sé˜
 25 
ˢ˟ˆʶǖǷʳǖǷɿ̛̊̿̆̕˸ɚˎ˕±ñƧ˟Sé˜ʽ˴ˊ˝˃Ÿˌ˵˕ʷ³ʌˠ Foxg1
̠̘̆˻˾̛̰˾̏˧ Foxg1 ƦƗ̫̆́̕˸À@ˏ˴˝ʶÀ@æˏˇˠǻ´ʘˠđˏ˴ÃǄǁ
Ɉ̓apical process̈́˸"Åˏ˴ˊ˝˸ȟJˍ ( 3.16)ʶK_ˍ˕̶̞́̽̿˝ƵǙÕǖǷ˧ˡ
đȧ˃ƴˌ˵˛ʾ˴ʷˊ˵˲ˡȾ˱˳ʶ£ǻƩɆˡǼ̶̞̽̿ˢħˠK_ˍ˕ŰÆ̞
̶́̽̿˂˲ˡƱɉʑ(Ɲñˡ̝̻̍̇ˠ˱˘˛Fezf2ˡƦƗ˃āSˌ˵˴ˊ˝˜ʶSatb2ƦƗ
ˡǺāS˃Ɉˊ˳Ǽ̶̞̽̿ˡƜƛ˃ɾ¨ˏ˴˝ʾʿȵ˸ǂ˛˕ʷˊˡȵ˸ŋȬˏ˴
˕˭ˠʶɪ ®Ƨþť˸Ɲʾ˛ŰǼ̶̞̽̿˸˻̸̨̼́̍̿̓=ǖǷʅl̈́ˍʶ̶̞́̽̿
Ɯƛ̩̹̲̽̇˧ˡãʙ˸ŋȬˍ˕ʷ 
ʯ ˪ːɩĄƧˠŰǼ̶̞̽̿˸˻̸̨̼́̍̿ˏ˴˕˭ˠʶɚÑˡ£ǻƩɆƦƛˠˁˈ˴Ű
Ǽ̶̞̽̿ˡƜƛĵɿ˸ŋȬˍ˕ʷɤlˡ~(Hevner et al., 2003)ˠ˱˳ʶ£ǻƩɆ̶̞́
̽̿ˡƜƛ˃ E14.5 ˸ˠŰǼ̶̞̽̿˂˲Ǽ̶̞̽̿˧ƺȕˏ˴ˊ˝˃ĒŸˌ˵˕ˡ
˜ʶɵƛ̰˾̏ˠ E14.5˂˲ E18.5˪˜ BrdU˸ǠǡƧˠĂˍ E14.5ʃˠƜƛˌ˵˴A
̶̞́̽̿˸ŐȺˍ˕̓ 3.17Ä́ʷŰǼ̶̞̰̽̿́̃́˝ˍ˛ Ctip2(5 Æ)˝ ZFPM2(SP, 6
Æ)(Kwan et al., 2008)˸Ɲʾ˕>ƣǘǩŀȇ˸ȕ˘˕ʷ˓ˡǚľʶŰǼ̶̞̽̿ˡ˩˝˹˞
˃BrdUŐȺˌ˵˟ʾˊ˝˃˷˂˘˕(0.7±0.4%, BrdU+DL marker+/BrdU,  3.17B)ʷˊˡǚľ
˂˲ɚÑˡƦƛ˜ˢŰǼ̶̞̽̿ˡƜƛ˃ E14.5 ˪˜ˠ¯ˍ˛ʾ˴ˊ˝˃OĬˍ˕ʷ 
K_̶̞́̽̿ˡ˻̸̨̼́̍̿˸ȳÀˏ˴þť˝ˍ˛ʶNeurogenin2 (Neurog2)ɪ «ˡSé
˸QƝˏ˴ˊ˝˝ˍ˕ʷNeurog2 ˢ£ǻƩɆˡƵǙÕǖǷˠÖǍˠƦƗˍ˛ʾ˴˃ʶ˓ˡ̿̕
̣̆ɆˡƦƗˢ Ki67 ʈñˡśĵˡǖǷˠˁʾ˛ˢ%ˆʶK_Ţ±˸rˈ˕ǖǷ̓Ki67 ʆ
ñǖǷ̈́ˠˁʾ˛ɤƧˠƦƗ˃īˏ˴ˊ˝˃~ˌ˵˛ʾ˴(Miyata et al., 2001)ʷ˓ˊ˜
Neurog2 ˡƦƗ˸ĉŐˠˏ˴ˊ˝˜ʶK_æĪĵˡŰǼ̶̞̽̿ˡɪ ®ƧĚ(˸ȕˀ˴
˝ǯˀ˕ʷˊˡƇ˸ŋȩˏ˴˕˭ˠʶħ­ˡ Neurog2CreER/+̰˾̏(Zirlinger et al., 2002)ˠ 3˙
ˡ̼̯́́̕ǑǞ̰˾̏˸ďˈx˷ˑʶŋȬˍ˕ ( 3.17C, E, G, I)ʷ˪ː¨˭ˠʶ
Rosa26loxp-stop-loxp-lacZ/+̼̯̰́́̕˾̏ǑǞ(Soriano, 1999)˸ďˈx˷ˑ˛ʶ̴̧̅̍̕˿̿Ă
ˠ˱˳ɤƧˠǘĔˀ˸ȳÀˍ˕̛̓̀̏̽̉̿r·&ȓxˡ CreˢɚÑǖǷɆˠơ˪˴
˃ʶ̴̧̅̍̕˿̿Ăˠ˱˳ńƺȕˏ˴ˊ˝˜ǘĔˀ˃ȳÀˌ˵˴̈́Neurog2 ʭƦƗǖǷ˸
LacZ ˜ŐȺ˜˄˴̰˾̏˸(úˍ˕( 3.17C)ʷN˭ˠ Neurog2CreER/+̰˾̏ˡǘĔˀ˸ŋȬ
ˏ˴ƫƧ˜ʶˊˡ̰˾̏ˠ E12.5˜̴̧̅̍̕˿̿˸ĂˍʶLacZˡŐȺǖǷ˸ E13.5˜Ȧļ
ˍ˕ʷ˓ˡǚľʶLacZ ŐȺǖǷˢǻ´Ðˡ¡7ˠȟ˲˵ʶˌ˲ˠ˓˵˲ˡŐȺǖǷˢ E18.5
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˜£ǻƩɆŰÆˠɬǫˌ˵˴ˊ˝˃˷˂˘˕( 3.17D)ʷŞɑˍ˛ʶƵǙÕǖǷˠƦƗˏ˴
Nestin˸ CreERˡ̜̹˽̢́ˠˍ˕ Nestin-CreER˸yŏˡ LacŹ̼̯̰́̕˾̏˸ďˈx˷
ˑ˛̰˾̏˸(úˍ˕ǚľʶƵǙTʪǖǷ˝K_̶̞́̽̿ˡA˛˃ŐȺˌ˵˕( 3.17E, F)ʷ
ŕˠ Neurog2CreER/+̰˾̏ˠ Rosa26loxp-stop-loxp-YFP/+̼̯́́̕ǑǞˠďˈx˷ˑʶ̴̧̅̍̕˿
̿˸ E12.5 ˜Ăˍ˛ǘ˫Ĳˀ˸ȳÀˍʶ˓ˡ 18 ĮɿæˠȦļ˸ȕ˘˕( 3.17G)ʷǻ´
Ð̰́̃́˜ʽ˴Unc5d˝GFPˡɴ>ƣŀȇˡǚľʶǘ˫ĲˀˢƵǙTʪǖǷˡ­ˏ
˴ǻ´Ð˜ˢ˟ˆǻ´ÐˡǖǷ˜ȳÀˌ˵˛ʾ˴ˊ˝˸Ƴȱˍ˕( 3.17H)ʷˌ˲ˠʶ
Neurog2CreER/+̰˾̏ˠ Rosa26loxp-stop-loxp-tdTomato/+̼̯́́̕(Ai9)ǑǞ(Madisen et al., 2010)˸
ďˈx˷ˑ˛ʶE11.5-E13.5 ˪˜ 24 Įɿɿʋ˜̴̧̅̍̕˿̿˸ͅː˙Ăˍ˻̸̨̼́̍
̿±ˡǖǷ˸ŐȺˍʶE18.5 ˜Ȧļˍ˕( 3.17I)ʷ˓ˡǚľʶRFP ʈñǖǷ˃ƵǙÕǖǷ
̰́̃́K«ˡ SOX2 ˝ɴ˟˲˟ʾˊ˝˂˲ʶˊˡĵɿˡĂ˃ƵǙÕǖǷˡ˻̸̨̼́̍̿
˸ȕ˘˛ʾ˴uǸñ˃{±˜˄˕( 3.17J)ʷˊ˵˲ˡǚľ˸rˈʶE11.5 ˂˲ E13.5 ˪˜ˠƜ
ƛˌ˵˴ŰǼ̶̞̽̿˸ŐƧ˝ˍ˕˻̸̨̼́̍̿˸ȕʿ˕˭ˠʶNeurog2CreER/+̰˾̏˝ʶǖ
Ƿř˸ȳÀˏ˴̧̙̺̎˻ŝǔ A(diphtheria toxin A chain)˃ Cre +­ƧˠƦƗˏ˴
Rosa26loxp-stop-loxp-DTA/+̰˾̏ǑǞ(Ivanova et al., 2005)˸ďˈx˷ˑ˕̰˾̏˸(úˍʶE11.5
˂˲ E13.5 ˪˜̴̧̅̍̕˿̿˸ 24 Įɿˋ˝ˠȨ 3 ĂˍʶŰǼ̶̞̽̿ˡ˻̸̨̼́̍
̿³ʫ˸ȕ˘˕( 3.18A)ʷˊˡþťˠ˱˳ʶE18.5 ˠȦļˍ˕˝ˊ˶ʶ˻̸̨̼́̍̿ǭ
̓Neurog2CreER/+͌Rosa26loxp-stop-loxp-DTA/+̈́˜ˢ½ƌǭ̓Rosa26loxp-stop-loxp-DTA/+̈́˝Şɑˍ˛ Ctip2ʈ
ñǖǷğˡĴö˟ŵÂ˃ȱ˭˲˵˕(½ƌǭ :35.4±1.0%, ˻̸̨̼́̍̿ǭ : 22.6±3.5%, 
Ctip2/DAPI, p<0.05:  3.18B, C)ʷŕˠʶŰǼ̶̞̽̿ˡ˻̸̨̼́̍̿ˠ˱˴ẃ̶̞̽̿
Ɯƛ˧ˡãʙ˸ŋȬˏ˴˕˭ˠʶ̰́̃́ɪ «˸Ɲʾ˕±ɶ˸ E18.5 ˜ȕ˘˕( 3.18D, 
3.19A)ʷ˓ˡǚľʶCtip2 ʈñǖǷğˡŵÂ (501±45 2ʶ ˻̸̨̼̰́̍̿˾̏ vs 713±8.6
2ʶ  ̛̻̰̊̿̽́˾̏ʶp<0.05;  3.19B, C)ʶ  Satb2 ʈñǼ̶̞̽̿ğˡŵÂ 
(677±852ʶ˻̸̨̼̰́̍̿˾̏ vs 1079±612ʶ̛̻̰̊̿̽́˾̏, p<0.05;  3.19B, C)˃
ȟ˲˵˕ʷˊˡ˱ʿˠǟ½Ƨ˟ǖǷğˢŵÂˍ˛ʾ˕˃ʶƐǇˏ˨˄ˊ˝ˠ Ctip2 ʈñŰÆ̞
̶́̽̿˝ Satb2 ʈñǼ̶̞̽̿ˡğŞˢ̛̻̊̿̽́˝˻̸̨̼̰́̍̿˾̏˜ĴöË˃
˟˂˘˕( 3.19B, C)ʷˊˡǚľ˸Ƴȱˏ˴˕˭ˠˡǼ̶̞̰̽̿́̃́Cux1(Nieto et 
al., 2004)˸Ɲʾ˛yŏˡȦļ˸ȕ˘˕ʷ˓ˡǚľʶSatb2ˡĮ˝yŏˠŰǼ̶̞̽̿˻̨̼
̸́̍̿ˠ˱˘˛Cux1ʈñǼ̶̞̽̿ğˮŵÂˏ˴ˊ˝˃Ƴȱˌ˵˕(1206±742ʶ˻̨̼
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̸̰́̍̿˾̏ vs 1393±752ʶ̛̻̰̊̿̽́˾̏ʶ p<0.05;  3.19D, E)ʷ˓ˡĥ˜ʶCtip2
˝ Cux1 ʈñǖǷˡŞƕˢ̛̻̊̿̽́˸Şɑˍ˛ĴöË˃˟ʾˊ˝˃Ĭ˲˂˝˟˘˕(
3.19D, E)ʷ 
 ˊ˵˪˜ˡȦļˠ˱˳ŰǼ̶̞̽̿˸˻̸̨̼́̍̿ˍ˕ˠˮʀ˷˲ːʶŰǼ̶̞̽̿:
Ǽ̶̞̽̿ğŞ˃ǢĈˌ˵˛ʾ˴ˊ˝˃˷˂˘˕ʷˊˡˊ˝˂˲ŰǼ̶̞̽̿˻̸̨̼́̍
̿˃ŰǼ̶̞̽̿˝Ǽ̶̞̦̙̽̿̊̿̿̏ˡƺȕˠãʙ˸ˀ˛ʾ˴uǸñ˃ǯˀ˲
˵˕ˡ˜ʶ˻̸̨̼́̍̿æˠƜƛˌ˵˴̶̞́̽̿˸ E14.5ˡ EdUˡĂˠ˱˳ŐȺˍ˕̓
3.20Ä́ʷẃ̰̃́ɪ «ˡ>ƣǘǩŀȇˠ˱˳̶̞́̽̿ˡ̨̋̕˽̩˸y±ˍ˕ǚľʶ
½ƌǭˠˁʾ˛ˢ E14.5˜ˢ˩˝˹˞ Ctip2/ZFPM2ʈñˡŰǼ̶̞̽̿˃Ɯƛˌ˵˟ʾˡ
ˠ½ˍʶ˻̸̨̼́̍̿ǭ˜ˢ E14.5 ˜¢ˆˡŰǼ̶̞̽̿ˡƜƛ˃ȱ˭˲˵˕̓½ƌǭ: 
3.1±1.1%, ˻̸̨̼́̍̿ǭ: 23.7±2.2% Ctip2+ZFPM2+/EdUʶ 3.20B, C̈́ʷˊ˵˲ˡǚľˢʶ
ŰǼ̶̞̽̿ˡ˻̸̨̼́̍̿ˠ˱˘˛K_ˍ˕ŰǼ̶̞̽̿˂˲ˡ̧˼̢̜̘́̆˃Ȧʅ
ˌ˵ʶ˓ˡǚľƵǙÕǖǷˠˁˈ˴ŰǼ̶̞̽̿ˡ̦̙̊̿̿̏˃Ûɼˍ˛ʾ˴ˊ˝˃ƴ
ˌ˵˕ʷˌ˲ˠʶˊˡǚľˢTɖˍ˕ Ctip2ʈñǖǷˡğ̓ 3.19C, Ë́˃ʶ˻̸̨̼́̍̿æˠ
Ɯƛˌ˵˕ Ctip2ʈñǖǷ˸ˮ|ˬˊ˝˸öˍ˛ˁ˳ʶ³ʌˠ˻̸̨̼́̍̿ˌ˵˕ŰÆ̶̞
́̽̿ˡğ˃%ˆȟƽˮ˲˵˛ʾ˴ˊ˝˸ƴˍ˛ʾ˴ʷŕˠʶŰǼ̶̞̽̿˂˲ˡ̧˼̢̜́
̘̝̻̆̍̇ˢŰǼ̶̞̽̿ˡ̦̙̊̿̿̏Ǘǚˡ˫ˡœǸ˸ľ˕ˏˡ˂ʶˮˍˆˢyĮˠ
Ǽ̶̞̦̙̽̿̊̿̿̏˸ɾ¨ˌˑ˴œǸ˃ʽ˴ˡ˂ˠ˙ʾ˛ŋȬˍ˕ʷTǰˡxˢ
Ǽ̶̞̽̿ˡ̦̙̊̿̿̏˧ˡƺȕ˃ŰǼ̶̞̽̿˂˲ˡ̧˼̢̜̘́̆ˠʀ.˟ˆɾ¨ˏ
˴˝õˌ˵˴˕˭ʶE14.5 ˜Ɯƛˌ˵˴ǖǷˢ½ƌǭ˜ˮ˻̸̨̼́̍̿ǭ˜ˮ˓ˡ˩˝˹˞
˃ Satb2 ˸ƦƗˏ˴ˊ˝˃Ÿˌ˵˴ʷĥʶæǰˡxˢʶK_ŰǼ̶̞̽̿˂˲ˡɀˡ
̧˼̢̜̘́̆ˡŮ¥ˠ˱˘˛ŰǼ̶̞̽̿ˡ̦̙̊̿̿̏ˡÛɼ˝˝ˮˠʶǼ̶̞̽̿̊
̦̙̿̿̏ˡɾ¨ɠÛ˃Ý˄Ɉˊˌ˵ʶǼ̶̞̽̿ˡƜƛƕ˃ŵÂˏ˴˝õˌ˵˴ʷˊ
ˡƇ˸ŋȬˏ˴˕˭ˠʶSatb2 n˥ Cux1 ˡƦƗ˸Ȧļˍ˕ǚľʶ˻̸̨̼́̍̿ǭ˜ˢ½ƌ
ǭ˱˳ˮ Satb2ʈñˡ EdUŐȺǖǷˡĴö˟ŵÂ˃ȱ˭˲˵˕̓½ƌǭ: 77.5±8.2%, ˻̨̼
̸́̍̿ǭ: 43.5±7.8% Satb2+EdU+/EdU+ʶp͍0.05͋ 3.20D,Ë́ʷyŏˠ Cux1ʈñˡ EdUŐ
ȺǖǷˮĴöˠƗŵÂˍ˛ʾ˴ˊ˝˃˷˂˘˕ (½ƌǭ : 40.3±3.0%, ˻̸̨̼́̍̿ǭ : 
16.1±5.0% Cux1+/EdU+ cells; p<0.05  3.20F,G)ʷˏ˟˷˗ʶŰǼ̶̞̽̿ˡ˻̸̨̼́̍
̿ˠ˱˘˛ʶŰǼ̶̞̽̿ˡ̦̙̊̿̿̏ˡÛɼ˝ʶǼ̶̞̦̙̽̿̊̿̿̏ˡɾ¨ˡɠ
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Û˃ƛˎ˛ʾ˴ˊ˝˃˷˂˘˕( 3.20H)ʷˊ˵˲ˡǚľ˂˲ʶ£ǻƩɆˡ̶̞́̽̿Ɯƛ̩̽
̹̲̇ˠˁʾ˛Ǽ̶̞̽̿ˡ̦̙̊̿̿̏ˡɾ¨ˢʶFoxg1ˡTbr1ˡƦƗāSˠ˱˴D
ñ̩̹̲̽̇ˡɾ¨˝ʶK_ˍ˕ŰǼ̶̞̽̿˂˲ˡ̧˼̢̜̘́̆˸ˍ˕ŰǼ̶̞̽̿
ˡ̦̙̊̿̿̏ȁɍˡǗǚ˝ʾʿ 2 ˙ˡœŎˠ˱˳Séˌ˵˛ʾ˴ˊ˝˃Ĭ˲˂˝˟˘˕(
3.21)ʷ 
 
ÂuÅt Foxg1P[] E¨µ¾»½	
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ʯ Ȫˡǚľ˱˳ʶŰǼ̶̞̽̿˂˲Ǽ̶̞̽̿˧ˡ̦̙̊̿̿̏ˡƺȕˢʶK_ˍ˕Ű
Ǽ̶̞̽̿˂˲ˡƱɉʑ(Ɲñ̝̻̍̇ˠ˱˳Séˌ˵˛ʾ˴ˊ˝˃ƴˌ˵˕( 3.21)ʷˊˡ
ǚľʶ£ǻƩɆ̶̞́̽̿ˡƜƛ̩̹̲̽̇ˢʶ1̈́Foxg1 ˡƦƗˠ˱˴ CR ǖǷ˂˲ŰÆ̶̞
́̽̿˧ˡ̦̙̊̿̿̏ˡƺȕʶ2̈́K_ˍ˕ŰǼ̶̞̽̿˂˲ˡɀˡ̧˼̢̜̘́̆ˠ˱˴Ű
Ǽ̶̞̽̿˂˲Ǽ̶̞̽̿˧ˡ̦̙̊̿̿̏ˡƺȕʶˠ˱˳ŜʊƧˠSéˌ˵˴ˊ˝˃ƴ
ˌ˵˕ʷˊ˵˲ˡǚľˢ Foxg1 ˡƦƗ˃Ý˄ɷ˝˟˘˛ɝˡǼ̶̞̽̿ˡƜƛ̩̹̲̽̇
˃(\ˏ˴ˊ˝˸ƴˍ˛ʾ˴ʷ˜ˢʶǼ̶̞̽̿ˡK_ˠˢŰǼ̶̞̽̿ˡ̦̙̊̿̿̏
˸Ǘǚˌˑ˴ˊ˝˃ìȞbKĹ˜ʽ˴ˡ˂͏˓ˊ˜˪ː Foxg1 ˡƦƗȦļ˸ȕ˘˕˝ˊ˶ʶ
Ǽ̶̞̽̿˃Ɯƛˌ˵˴æĵˡ£ǻƩɆƵǙÕǖǷˠˮ Foxg1 ˡƦƗ˃ȱ˭˲˵˕(
3.22B)ʷˊˡˊ˝˂˲ʶǼ̶̞̽̿K_˸ĆʿK«ƪ˸Ĭ˲˂ˠˏ˴˕˭ˠʶŰǼ̶̞
̽̿˃K_ˍ˕æˠ Foxg1 ˸Ũñ_ˏ˴ˊ˝˜ʶǼ̶̞̽̿K_ˡ Foxg1 +­ñˠ˙
ʾ˛ŋȬˍ˕ʷȪˡǚľ˱˳ʶ£ǻƩɆˡƦƛˠˁʾ˛ E14.5 ˡǼ̶̞̽̿ˡƜƛĮ
ĵˠˁʾ˛ˢŰǼ̶̞̽̿ˡƜƛˢǗˍ˛ʾ˴˕˭ˠʶǼ̶̞̽̿ˡ̨̋̕˽̩ˡȠ
±˃K_ŰǼ̶̞̽̿˂˲ˡ¡ɫ̝̻̍̇ˡ˫ˠ+­ˏ˴ˡ˜ʽ˵ˣʶE14.5 ˠ Foxg1 ˸
Ũñ_ˍ˛ˮǼ̶̞̽̿ˢŗÑˠK_ˏ˴ˊ˝˃õˌ˵˴ʷ<ˡ³ʫˠˁʾ˛ E14.5
ʃ˜ˢŰǼ̶̨̞̽̿̋̕˽̩˃Ɯƛˌ˵˟ʾˊ˝˃Ƴȱ( 3.17B)ˌ˵˛ʾ˴ˡ˜ʶ
Foxg1tetOFoxg1̰˾̏ˡ E14.5 ˜ˡ̜̅̍̋˽̺̆̿Ăˠ˱˳ʶǼ̶̞̽̿Ɯƛĵˠˁˈ˴
Foxg1ˡŨñ_˸ȕ˘˕( 3.22A)ʷ˓ˡǚľʶ̜̅̍̋˽̺̆̿ˡĂæ 24Įɿ˜ Foxg1
ˡƦƗ˸[ƕƧˠƦƗāS˜˄˴ˊ˝˃Ƴȱˌ˵˕( 3.22B)ʷŕˠʶFoxg1ŔĖƵǙÕǖǷ
˂˲Ɯƛˌ˵˴̶̞́̽̿˸ŐȺˏ˴˕˭ˠʶ̜̅̍̋˽̺̆̿Ăæ 24 Įɿ̓E15.5̈́ˠ EdU
ˡ̣̻̏ŐȺ˸ȕ˘˕(3.23A)ʷˊˡ̰˾̏ˠ˙ʾ˛E18.5˜Ǽ̶̞̰̽̿́̃́˜ʽ˴
Satb2n˥Brn2ˡ>ƣǘǩŀȇ˸ȕ˘˕ǚľʶE14.5˂˲ Foxg1˸ŔĖˌˑ˕ƵǙÕǖǷˢ
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Satb2ʶBrn2˸ƦƗˏ˴Ǽ̶̞̽̿ˠK_˜˄˟ʾˊ˝˃ȟJˌ˵˕( 3.23B, C, D)ʷˊˡ
ǚľ˂˲ʶ£ǻƩɆǼ̶̞̽̿ˡK_Ţ±ˠˢŰǼ̶̞̽̿ˡ̦̙̊̿̿̏ˡǗǚˠ
YˀʶFoxg1ˁ˱˥˓ˡŪɪ «ˡƦƗ˃ìȞ˜ʽ˴ˊ˝˃ƴˌ˵˕ʷ 
 
ÂuÆt Foxg1 ;¨µ¾»½B5Em¨µ¾»½	
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ʯ Øȷ˜ɖ˨˕˱ʿˠʶFoxg1ˢŰǼ̶̞̽̿Ɯƛĵ˜ˢCRǖǷˡ̦̙̊̿̿̏˸āSˏ˴
ˊ˝ˠ˱˳ŰǼ̶̞̽̿ˡK_Ţ±˸Ć˘˛ʾ˴ʷTǌˡǚľ˱˳ʶFoxg1 ˢǼ̶̞̽̿
Ɯƛĵˠˁʾ˛ˮǼ̶̞̽̿ˡK_ˠìȞ˜ʽ˴ˊ˝˃ƴˌ˵˕˕˭ˠʶFoxg1 ˃ŰÆ̞
̶́̽̿Ɯƛĵ˝yŏˠ CR ǖǷˡK_˸āSˏ˴ˊ˝˜ʶǼ̶̞̽̿ˡK_˸Ƞ±ˍ˛
ʾ˴uǸñ˃ǯˀ˲˵˕ʷˊˡuǸñ˸ŋȬˏ˴ƫƧ˜ʶFoxg1tetOFoxg1 ̰˾̏ˡ̜̅̍̋˽̺̆
̿Ăˠ˱˳ʶFoxg1˸ŰǼ̶̞̽̿Ɯƛĵ̓E13̈́ʶǼ̶̞̽̿Ɯƛĵ̓E14.5̈́˜˓˵˔
˵̠̘̆˻˾̛ˍ˕̰˾̏˸(ȜˍʶE18.5˜ CRǖǷ̰́̃́˜ʽ˴ reelinˡ in situ ̡˽̨̺
̖˽̸̒́̍̿ťˠ˱˴ŋJ˸ȕ˘˕( 3.24A)ʷˊˡǚľʶFoxg1 ˡŨñ_ˠ˱˳ʶŰÆ̞
̶́̽̿ˡƵǙÕǖǷ˂˲ˢ CRǖǷ˃Ɯƛˌ˵˴ˡ˃Ƴȱˌ˵˕˃( 3.24B, D)ʶÆ̶̞
́̽̿ˡƵǙÕǖǷ˂˲ˢ CRǖǷˡƜƛˢȱ˭˲˵˟˂˘˕ ( 3.24C, D)ʷˊˡǚľˢʶ
Foxg1 ˃Ǽ̶̞̽̿ƜƛĵˡƵǙÕǖǷˠˁʾ˛ŰǼ̶̞̽̿˝ˢPˡœǸ˸Ĵˍ˛
ʾ˴ˊ˝˸ƴˏ˴ˮˡ˜ʽ˴ʷ˓ˊ˜ʶûʸ˃ĳɔy±ˍ˕ŰǼ̶̞̽̿ˡƵǙÕǖǷˠ
ˁˈ˴ Foxg1ˡŐƧɪ «(Kumamoto et al., 2013) ˠ˙ʾ˛ in situ ̡˽̨̺̖˽̸̒́̍̿
ťˠ˱˳ƦƗȦļ˸ȕ˘˕˝ˊ˶ʶEbf2, Ebf3, Lhx9, Magel2ɏF«ˡʾː˵ˮ˃ E12.5̓Ű
Ǽ̶̞̽̿Ɯƛĵ̈́ˡ̠̘̆˻˾̛˜ mRNA ˡƦƗī˃ȱ˭˲˵˕ˡˠ½ˍ( 3.25B)ʶ
E14.5̓Ǽ̶̞̽̿Ɯƛĵ̈́ˡ̠̘̆˻˾̛̰˾̏˜ˢƦƗ˃ȳÀˌ˵˟˂˘˕( 3.25C)ʷˊ
ˡˊ˝˂˲ʶˊ˵˲ˡ«ˢǼ̶̞̽̿ˡƵǙÕǖǷ˜ˢFoxg1˧ˡíǉñ˸¥ˍ˛ʾ
˴ˊ˝˃˷˂˘˕ʷˊ˵˲ˡǚľˢʶFoxg1 ˢŰǼ̶̞̽̿Ɯƛĵ˝ˢƢ˟˴K«˸ˍ˛
Ǽ̶̞̽̿ˡK_˸Ƞ±ˍ˛ʾ˴ˊ˝˸ƴˏˮˡ˜ʽ˴ʷ 
 
ÂuÇt y}w ¨µ¾»½A@-NÃD?m z~{x| $
t
ʯ ɖˍ˕ǚľ˸˦˪ˀʶƶˢŕˠǼ̶̞̽̿ƐƢƧ˟ Foxg1 ˡŐƧK«ˡy±˸Ȯ˫
˕ʷˊˡ˕˭ˠʶFoxg1 ̊̿̚˼̸̝̻̠̘̍̆˻˾̛̰˾̏(Foxg1tTA/lacZ; tetO-Foxg1)˸Ɲʾʶ
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Foxg1 ˸ E14.5 ˜̠̘̆˻˾̛ˍ˕æ 24 Įɿæˡ£ǻƩɆƵǙÕǖǷ˸pˍʶŞɑ̛̹̿̏
̛̺̩̲̆́Ȧļ˸ȕ˘˕( 3.26)ʷƐˠ Foxg1 ʈñˡǖǷǑȻ˜ˡƵǙÕǖǷˡƦƗ \
˸Čˀ˴˕˭ˠʶFoxg1 ̊̿̚˼̸̝̻̠̘̍̆˻˾̛̰˾̏
ˡ Foxg1 ɪ «Úˠ̠̘̆˽̿ˌ
˵˛ʾ˴ LacZ ̼̯́́̕ˡƦƗ˸ĉŐ˝ˍʶˌ˲ˠƵǙÕǖǷ̰́̃́˜ʽ˴
Prominin(CD133)˝ˡɴʈñǖǷ˸Ȓ=Ʀȇ̻̑̓́́̕(FACS)ˠ˱˳Kqˏ˴ˊ˝˜ʶȦ
ļ½ȾǖǷ˸ȶȜˍ˕( 3.26A, B)ʷ˪˕Ʀƛɤƻ˜ˢ¢ğˡɪ «ƦƗˡ \˃Ÿˌ
˵˴˕˭ʶFoxg1 ʗ+­ƧˠƦƗ˃ \ˏ˴ɪ «ˠ˙ʾ˛ʶ̜̅̍̋˽̺̆̿˸Ăˍ˟ʾ
E15.5ˡFoxg1tetOFoxg1̰˾̏˸½ƌǭ˝ˍ˛Ɲʾ˴ˊ˝˜ʅlˍ˕ʷĳǗƧˠ̜̅̍̋˽̺̆̿Ă
Tˡ E14.5ʶ̜̅̍̋˽̺̆̿Ăæ 24Įɿˡ E15.5ʶ̜̅̍̋˽̺̆̿ĶĂ E15.5ˡ 3˙
ˡ³ʫǭˠˁʾ˛ɪ «ƦƗ̣́̿̕˸Şɑˍ˕( 3.26C)ʷˊ˵˲ˡȦļˠ˱˳ĴöˠƦƗ
 \˃˫˲˵˕ɪ «ˡ
˂˲ˌ˲ˠʶǼ̶̞̽̿ƐƢƧ˟ŐƧɪ «ˡǛ˳ɓ˫˸ȕ
ʿ˕˭ˠʶǅ 3 ǃ 4 ǌ˜ȕ˘˕ŰǼ̶̞̽̿Ɯƛĵ˜ˡ Foxg1 íǉɪ «ˡƦƗ̧̩̽˺
˽̻˝ˮŞɑ˸ȕ˘˕̓ 3.26C̈́ʷ˓ˡǚľʶǼ̶̞̽̿ˡƵǙÕǖǷƐƢƧˠ Foxg1ˠ
˱˳Séˌ˵˴ʶȝğˡ3țɪ «˸qèˍ˕( 3.26D)ʷˊ˵˲ˡɪ «ˡ Foxg1āSˠ½
ˏ˴ƦƗ̣́̿̕ˡ _˸ŰǼ̶̞̽̿Ɯƛĵn˥Ǽ̶̞̽̿Ɯƛĵˡ Foxg1 ̊̿̚
˼̸̝̻̠̘̍̆˻˾̛̰˾̏˸(úˍ in situ ̡˽̨̺̖˽̸̒́̍̿ťˠ˱˳Ƴȱˍ˕( 3.27A)ʷ
ˊ˵˲ˡɪ «ˢŰǼ̶̞̽̿Ɯƛĵˠˁʾ˛ Foxg1 ˸̠̘̆˻˾̛ˍ˕xˠˢƦƗˠË
˃˫˲˵˟ʾ˃ ( 3.27B)ʶǼ̶̞̽̿Ɯƛĵ˜̠̘̆˻˾̛ˍ˕xˠˢʶ½ƌǭˠŞ
˨˛ƦƗ˃īˏ˴ˊ˝˃˷˂˘˕( 3.27C)ʷˊ˵˲ˡǚľˠ˱˳ʶy±ˌ˵˕ɪ «ǭ˃
Ǽ̶̞̽̿ƜƛĵƐƢƧ˟ Foxg1 ˡāSŐƧɪ «˜ʽ˴ˊ˝˃Ƴȱˌ˵˕ʷȄŰʾ
ˊ˝ˠʶˊ˵˲ɪ «ˡ
ˠˢ£ǻƩɆǼ̶̞̽̿ˡ
˜ʶǅ 4 ÆˠƐƢƧˠƦƗˏ˴
̰́̃́ɪ «˃ȝğȟJˌ˵˕(Tarabykin et al., 2001)ʷ˓ˊ˜̛̟̺̿r·&̣̿̆̕Ɇˡ
ͅ˙˜ǅ 4Ǽ̶̞̽̿ˡ̰́̃́˜ʽ˴ Unc5d (Sasaki et al., 2008)ˠ˙ʾ˛ʶ̰˽̆̽˻̼˽
̩̻̋̿˜ʽ˴ 3.26A ˝yŏˡĥť˜qèˍ˕̩̻̋̿˸Ɲʾ˛±ɶ PCR̓qPCR̈́˸ȕ˘
˕ǚľʶFoxg1ˡ̠̘̆˻˾̛ˠ˱˘˛Unc5dˡɏF˃īˏ˴ˊ˝˃Ƴȱˌ˵˕( 3.27D)ʷˌ
˲ˠʶɵƛˡ CD1̰˾̏ˡ E14.5ˡ£ǻƩɆǘǩ̩̻̋̿˸½Ⱦ˝ˍ˛ Foxg1ă&˸Ɲʾ
˕̰̗̆̽̿>ƣţʃ̓ChIP-̍́̈̿̏̈́ˡǚľ˱˳ʶUnc5dˡɪ «Dˠˢ Foxg1ˡǚxʠ
˃ʽ˴ˊ˝˃˷˂˘˕( 3.27E)ʷˊ˵˲ˡǚľ˱˳ʶFoxg1 ˢǼ̶̞̽̿Ɯƛĵ˜
Unc5dˡƦƗ˸ƬđƧˠāSˍ˛ʾ˴ˊ˝˃Ƴȱ˜˄˕ʷ 
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ʯ Øȷ˜ɖ˨˕˱ʿˠʶ£ǻƩɆǼ̶̞̽̿ˢ£ǻƩɆʱƩɆɿ˸ɝǜˏ˴ǅ 2/3 Æ̶̞
́̽̿˝ʶȡ×˂˲ˡ@X˸rˈ˴ǅ 4 Ǽ̶̞̽̿ˠ`Pˌ˵˴˃ʶFoxg1 ˡ̊̿̚˼̸̝̍
̻̠̘̆˻˾̛̰˾̏ˡȦļ˝̛̛̹̺̩̲̿̏̆́Ȧļˠ˱˳ʶFoxg1 ˡƦƗ˃ Satb2 ʈñˡǅ
2/3Ǽ̶̞̽̿ˡK_ˠìȞ˜ʽ˴ˊ˝ʶFoxg1ˡƦƗāSˠ˱˳ǅ 4Ǽ̶̞̽̿ˡ̰́̃
́ɪ «˜ʽ˴ Unc5d ˡƦƗī˃ȱ˭˲˵˕ˊ˝˂˲ʶFoxgͅˢǼ̶̞̽̿Ɯƛĵ˜
ˢǅ 4Ǽ̶̞̽̿˧ˡK_˸āSˏ˴ˊ˝˜ǅ 2/3Ǽ̶̞̽̿˧ˡK_˸ŗˠSéˍ˛ʾ
˴uǸñ˃Ĥ˕ˠƴˌ˵˕ʷˊˡuǸñ˸ŋȬˏ˴˕˭ˠʶ˪ːɵƛ̰˾̏̓CD1 ̰˾̏̈́
ˠˁˈ˴ Foxg1 ˡƦƗ˸ʶɖˍ˕̰́̃́ɪ «˝ˡŀȇˠ˱˳ȰǖˠȦļˍ˕ʷE15.5 ˡ
CD1̰˾̏˸ƝʾʶUnc5d ˝ Foxg1ˡɴȒ= in situ ̡˽̨̺̖˽̸̒́̍̿ (2-color FISH) 
˸ȕ˘˕ǚľʶFoxg1 ˝ Unc5dˢƭțƧˠƦƗˍ˛ʾ˴ˊ˝˃˷˂˘˕( 3.28A, B)ʷˌ˲ˠʶ
ƛæ 4Ĩƫ̓postnatal day 4: P4̈́ˡ̰˾̏˜ˡǅ 4Ǽ̰̃́vGlut2̓vGlut2ˢȡ×˂˲ˡ@
XÆˠƦƗˏ˴̈́˝ǅ 2/3 Ǽ̰̃́Brn2 ˡ>ƣǘǩŀȇ˸ȕ˘˕ǚľʶǅ 2/3 Ǽ̶̞̽
̿ˢ Foxg1˸ƦƗˍ˛ʾ˴˃ʶǅ 4Ǽ̶̞̽̿ˢ Foxg1˸ƦƗˍ˛ʾ˟ʾˊ˝˃˷˂˘˕(
3.28C, D)ʷŕˠʶFoxg1˝Unc5dƦƗǖǷˡǑȻʀ.˸Ĭ˲˂ˠˏ˴ƫƧ˜ʶFoxg1̊̿̚˼
̸̝̻̠̘̍̆˻˾̛̰˾̏(Foxg1tTA/LacZ; tetO-Foxg1)ˡ Foxg1ɪ «Úˡ LacŹ̼̯́̿̕̕
̣̆ɆˡƦƗ˸ĉŐˠ Foxg1 ƦƗǖǷˡƱĵǑȻȦļ˸ȕʾŋȬˍ˕( 3.29A)ʷ̛̊̿̽
̻́˜ˢɖˍ˕ǚľˠȃˏ˴˱ʿˠʶUnc5d ʈñǖǷˢ LacZ ƦƗǑȻ(Foxg1 ǑȻ)ˠ
ˢ˩˝˹˞|˪˵˛ʾ˟˂˘˕( 3.29B, C)ʷĥʶE14.5 ˜ Foxg1 ˸̠̘̆˻˾̛ˍ˕ʌˡ
LacZʈñǖǷˡɢ˸ȶ˨˕˝ˊ˶ʶ½ȾǭˠŞ˨ LacZƦƗǑȻ(Foxg1ʈñǑȻ)ˠ|˪
˵˴ Unc5dʈñǖǷğˡY˃ȱ˭˲˵˕( 3.29B, C)ʷˊ˵˲ˡǚľˠ˱˳ʶFoxg1ˢ˓ˡ
ƦƗǖǷˡǑȻˠˁʾ˛ Unc5d ʈñǖǷ(ǅ 4 Ǽ̶̞̽̿)˧ˡK_˸āSˍʶSatb2 ˪˕
ˢ Brn2ʈñǖǷ(ǅ 2/3Ǽ̶̞̽̿)˧ˡK_˸Ƞ±ˍ˛ʾ˴ˊ˝˃ǯˀ˲˵˕( 3.29D)ʷ
ȄŰʾˊ˝ˠʶFoxg1 ŔḚ̇˾̏̓Foxg1-/-̈́ˠˁʾ˛Ɯƛˌ˵˴̶̞́̽̿ˠ˙ʾ˛ʶFoxg1
̠̘̆˻˾̛̰˾̏ˠŰǼ̶̞̽̿Ɯƛĵ(E13.5)ʶǼ̶̞̽̿Ɯƛĵ(E15.5)ˠBrdU˸Ă
ˍʶE18.5 ˜>ƣǘǩŀȇˠ˱˘˛Ȧļˍ˕ǚľ( 3.30A)ʶŰǼ̶̞̽̿Ɯƛĵˠˁʾ
˛ˢ Foxg1ŔĖƵǙÕǖǷˢ Reelinʈñˡ CRǖǷˠK_ˏ˴˃ʶǼ̶̞̽̿Ɯƛĵ
̓E15.5̈́˜ˢ BrdU ʈñǖǷˢ Reelin ˸ƦƗˍ˟ʾˊ˝˂˲ʶFoxg1-/-ˡǖǷǑȻˠˁʾ˛ˮ
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CR ǖǷ¡ˡ̶̞́̽̿ˡƜƛ˃ƴˌ˵˕( 3.30B)ʷˌ˲ˠʶˊˡ E15.5BrdU ŐȺǖǷ
ˢʶUnc5d ˽̛̿̽̿ˡƦƗ˸Ɣèˏ˴ˊ˝˃ƴˌ˵ʶˌ˲ˠ˓ˡƦƗˢ Foxg1-/-̰˾̏ˠˁ
ʾ˛ˮɵƛ˝yŏˠɾ¨ˏ˴ˊ˝˂˲ʶˊ˵˲ˡǖǷǑȻ˃ŰǼ̶̞̽̿˂˲Ǽ̶̞
̽̿˧ˡ̦̙̊̿̿̏ˡƺȕˡʌˠKÈˏ˴¡ˠʶFoxg1 ʆñˡǖǷǑȻ˂˲Ʀƛˏ˴u
Ǹñ˃ǯˀ˲˵˴ʷ 
t t
t t
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ʯ ÕǖǷˡK_ˠˁˈ˴ĮƿɿƧ˟̦̙̊̿̿̏̓K_Ǹ̈́ˡƔèˢʶɨL˟̕˽̱̿̇˜ʶŗ
ˍʾƼʤˡǖǷ˸ʶìȞ˟ğ˖ˈƜƛˏ˴˝ʾʿʶ°Ʀƛˡkƙ˝˟˴Ⱦ˜ʽ˴˃ʶ£ǻ
ƩɆ˸Ŏúˏ˴¢ŏ˟̶̞́̽̿ˡK_˸ĮɿƧˠSéˏ˴ˍˆ˫˙ʾ˛ˢˊ˵˪˜ưȟ˃
è˲˵˛ʾ˟˂˘˕ʷĸƲƾˢʶ£ǻƩɆǼ̶̞̽̿ˡK_Ţ±œŎˠƊƇ˸ʽ˛ʶʹĮ
ɿƧSéʺˡȤƇ˂˲Ǽ̶̞̽̿˃˟˒ŰǼ̶̞̽̿ˡŕˠƜƛˌ˵˴ˡ˂ʶ˪˕ŰÆ
̶̞́̽̿˂˲Ǽ̶̞̽̿Ɯƛ˧ˡ̦̙̊̿̿̏˸\ƧˠSéˏ˴œŎ˸Ĭ˲˂ˠˍ˕ˮ
ˡ˜ʽ˴ʷ 
ʯ N˭ˠǼ̶̞̽̿ƜƛœŎ˸ȦĬˏ˴˕˭ˠʶǼ̶̞̽̿ˡ̦̙̊̿̿̏˃˟˒Ű
Ǽ̶̞̽̿ˡ̦̙̊̿̿̏ˡæˠƳǂˌ˵˴ˡ˂˸ȶ˨˕ʷFoxg1 ̊̿̚˼̸̝̻̠̘̍̆˻˾
̛̰˾̏˸Ɲʾ˕ in vivo ˜ˡ£ǻƩɆ̶̞́̽̿Ɯƛɾ¨ˡɠÛ³ʫˠ˱˳ʶŰǼ̶̞̽
̿̀Ǽ̶̞̽̿ˡƜƛʜØˢ˞ˡĮĵˠĂ¿̶̞́̽̿˸ȳÀˍ˛ˮǢĈˌ˵˛ʾ˴ˊ˝
˂˲ʶǼ̶̞̽̿ˡK_ˢʶŰǼ̶̞̽̿ˡ̦̙̊̿̿̏˝¹đˠʀɝˍ˛ʾ˴ˊ˝˃ƴ
ˌ˵˕( 3.3)ʷˊˡǚľˢʶ£ǻƩɆˡƵǙÕǖǷˡSé˃2&ƦƛˡĮɿɐˠ˚ʾ˛
Ɯƛˏ˴̶̞́̽̿ˡƼ˸Ƞ±ˍ˛ʾ˴ˡ˜ˢ˟ˆʶħˠƜƛˌ˵˕̶̞́̽̿˂˲ˡ̧˼̜́
̢̘̆˝Dñˡɪ «̩̹̲̽̇˸ǘ˫x˷ˑ˴ˊ˝˜ʶǼ̶̞̽̿ˡƜƛ˸Séˍ˛
ʾ˴ˊ˝˃ǯˀ˲˵˕ʷˌ˲ˠʶŰǼ̶̞̽̿˝Ǽ̶̞̽̿ˡƜƛˢ˝ˮˠ E16.5 ʃˢ
ȳÀ˜˄˟ʾˊ˝ʶ˪˕˓ˡĮĵˠˢ̺̇˻ǖǷ˜ʽ˴ Olig2 ʈñǖǷˡƜƛ˃ɾ¨ˍ˛ʾ˴
ˊ˝˱˳ʶĂ¿̶̞́̽̿ˡƜƛˢ̺̇˻ǖǷ̦̙̊̿̿̏ˡɾ¨˝˝ˮˠǗǚˌ˵˴ˊ˝˸ȦĬ
ˍ˕ʷˊ˵˲ˡǚľˠ˱˳ʶ1)Ǽ̶̞̽̿ˡ̦̙̊̿̿̏ˡɾ¨ˢʶŰǼ̶̞̽̿ˡ̦̊̿
̙̿̏˝Ǟxˍ˛Séˌ˵˛ʾ˴ˊ˝ʶ2)Ǽ̶̞̽̿ˡ̦̙̊̿̿̏ˢ̺̇˻ǖǷ̦̙̊̿̿
̏ˡɾ¨ˠ˱˳Ǘǚˏ˴ʶ˝ʾʿ 2˙ˡɴȞ˟ƴ˸è˴ˊ˝˃˜˄˕ʷ(ǅ 3ǃ 1-2ǌ) 
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ʯ ŕˠǼ̶̞̽̿ˡ̦̙̊̿̿̏˸Séˍ˛ʾ˴ˍˆ˫ˢ'˜ʽ˴˂͏ĸƲƾ˜ˢˊˡ
ʢˠ˙ʾ˛N˭ˠ˙ˡ̴̻̚ˠ˙ʾ˛ēˍʶwʸˡȵˠ˙ʾ˛ŋȩ˸ȕ˘˕ʷͅ˙˭
ˡ̴̻̚ˢǼ̶̞̽̿ˡ̦̙̊̿̿̏˃ǖǷDñˡ̩̹̲̽̇ˠ˱˘˛ɪ «̃̏̈́
̜ˠ˱˴ɏF«ˡʜŕƦƗǈʶĮɿƧˠSéˌ˵˛ʾ˴˝ʾʿȵ˜ʽ˴ʷˊˡ˕˭ˠʶŰ
Ǽ̶̞̽̿̀Ǽ̶̞̽̿ˡ̦̙̊̿̿̏SéˡK«˸ĐǕˏ˴ƫƧ˜ʶ£ǻƩɆƵǙÕ
ǖǷˠˁʾ˛ Foxg1 ˠ˱˘˛ƦƗ˃āSˌ˵˴«ˡǙĮƧ̛̛̹̺̩̲̿̏̆́Ȧļˠ˱˴
y±˸Ȯ˫˕ʷ˓ˡǚľʶØȷ˜Ȫɖˍ˕Ă¿̶̞́̽̿ˡ˻˽̙̿̚˼̙˼Ƴǂˡ̊˻«
ˡʿ˗ˡ˙˜ʽ˴ Tbr1˃˓ˡāSŐƧˠ˟˘˛ʾ˴ˊ˝˸Ʀȟˍ˕(ǅ 3ǃ 3-5ǌ)ʷØȷ 5
ǌ˜ɖ˨˕˱ʿˠʶĂ¿̶̞́̽̿ˡ˻˽̙̿̚˼̙˼ƳǂˠœǸˏ˴̊˻«˝āSʀ.˃
~ˌ˵˛ˁ˳ʶƶˢʶFoxg1ˡāSŐƧ˃ Tbr1˜ʽ˴ˊ˝˸Ĭ˲˂ˠˍ˕ʷ£ǻƩɆƦ
ƛĳNĵˠˢʶCR ǖǷʶ̶̨̛̩̼̞̋́́̽̿˸|ˬ Tbr1 ʈñǖǷ˃Ɯƛˌ˵˛ʾ˴(
3.11)ʷ˓ˊˠ Foxg1˃ƦƗ˸ɾ¨ˏ˴˝ʶTbr1˃ƦƗāSˌ˵˴ĥ˜ʶŰǼ̶̞̽̿ˡȠ
±«˜ʽ˴ Fezf2ʶCtip2˃ǺāSˌ˵ƦƗ˃uǸˠ˟˴˝õ±ˌ˵˴ʷ³ʌˠʶFoxg1ƦƗ
̫̆́̕˸ Foxg1 ŔḚ̇˾̏ˡ£ǻƩɆˠÀ@ˏ˴˝ʶ£ǻƩɆ˜ʭƦƗˍ˛ʾ˴ Tbrͅ˃
Foxg1 ˡÀ@ɫ$ˡ˫āSˌ˵˛ʶ˓ˡɫK˜ Fezf2/Ctip2 ˡƦƗ˃ȟ˲˵˴ˊ˝˸Ƴȱˍ˕ʷ
˪˕ʶƱĵƧȦļˠ˱˳ʶFoxg1ˡÀ@æ Tbr1ˡƦƗāS˃Ctip2ʶFezf2ˡƦƗīˠ<ȕ
ˍ˛ȟ˲˵˕( 3.14)ʷɘˠʶFoxg1˸ŰǼ̶̞̽̿ƜƛĵˡE12.5˜ƦƗāSˍ˕̊̿̚˼
̸̝̻̠̘̍̆˻˾̛̰˾̏˸Ȧļˍ˕ǚľʶFoxg1 ˡƦƗāSˠ˱˘˛ĸĺ Fezf2 ˸ƦƗˍŰ
Ǽ̶̞̽̿ˠ˟˴ˢːˡK_̶̞́̽̿˃ Fezf2ˡƦƗ˸Ů¥ˍʶ˓ˡ˷˳ˠ Tbr1˸ʭƦ
Ɨˏ˴ˊ˝˃˷˂˘˕( 3.15)ʷˊˡ˝˄ Ctip2ÞʈñǖǷˢ CPˠŚ˳ʶTbr1 ˝Bʈñˠ˟˴
ˊ˝˃˷˂˘˕( 3.15)ʷˊ˵˲ˡǚľ˱˳ʶTbr1ˡƦƗāSˢ Foxg1˃Ȟ˟āSǙɋ˜ʽ
˴ˊ˝˃ƴˌ˵ʶFezf2ˡāSȦʅˠˢ Foxg1-Tbr1Ǚɋ˃œǸˍ˛ˁ˳ Ctip2Ǚɋ˝ˢƒǂ
ˍ˛ʾ˴ˊ˝˃ƴˌ˵˕ʷˊ˵˲ˡǚľ˱˳ʶFoxg1˃ Tbr1ˡƦƗ˸āSˏ˴ˊ˝˜ Fezf2ɪ
 «˸ǺāSˍʶŰǼ̶̞̽̿ˡK_˸ɾ¨ˌˑ˛ʾ˴ˊ˝˃Ĭ˲˂˝˟˘˕ʷˌ˲ˠˊˡǚ
ľˢʶĂ¿̶̞́̽̿ˡ˻˽̙̿̚˼̙˼ƳǂˠœǸˏ˴̊˻«̛̟̘̾́̆ˡ(\ɾ¨˸
Foxg1˃Séˍ˛ʾ˴ˊ˝˸Ĭ˲˂ˠˍ˕ˡ˫˜ˢ˟ˆʶFoxg1-Tbr1˝ʾʿSéǙɋ˃ŰÆ̶̞
́̽̿̀Ǽ̶̞̽̿ˡƜƛ̣́̿̕ˡâú˸/Ȭˍ˛ʾ˴ˊ˝˸Ĭ˲˂ˠˍ˕ʷ 
ʯ ͆˙˭ˡ̴̻̚˝ˍ˛ʶǼ̶̞̽̿ˡ̦̙̊̿̿̏˃¡ñSéˠ˱˳ȳÀˌ˵˛ʾ˴u
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Ǹñ˸Ċˉ˕ʷˊˡȵ˸ŋȬˏ˴˕˭ˠʶN˭ˠ˓ˡ¡ñ̝̻̍̇˃±ɶƧˠ(Ɲˏ˴
ˡ˂˸ŋȩˏ˴ƫƧ˜ʶFoxg1 ŔḚ̇˾̏˧ˡ Foxg1 ˡÀ@ˠ˱˳ÂğˡĂ¿̶̞́̽̿ˡ
K_˸ȳÀˍ˕ǚľʶʄ˲˵˕ Foxg1 À@ƵǙÕǖǷ˂˲ŰǼ̶̞̽̿ʶˁ˱˥Æ̶̞
́̽̿˃ŗƳ˟ʜØˠç˘˛Ɯƛˌ˵˴ˊ˝˸ȟJˍ˕(ǅ 3ǃ 3ǌ)ʷˊˡǚľ˂˲ʶŰÆ̶̞
́̽̿˝Ǽ̶̞̽̿ˡɝˡƜƛ̩̹̲̽̇˃ Foxg1 ˡŪ˜ȳÀˌ˵˴ˊ˝˃ƴˌ˵˕ʷ
˪˕ʶˊˡ³ʫ̙̲̍̏˜ˢĂ¿̶̞́̽̿ˡƜƛğ˃ŗÑ˟Ʀƛ˝Ş˨˛Ō˭˛Âğ˜ʽ
˴ˊ˝˂˲ʶŰǼ̶̞̽̿˂˲Ǽ̶̞̽̿˧ˡƺȕ˃ȳÀ«ˡɶˠ+­ˍ˟ʾʶƱɉ
ʑ(\ñœŎ˸)Ɲˍ˛ʾ˴ˊ˝˸àˆƴˍ˛ʾ˴ʷ 
 
ÃuÂt \Fg¨µ¾»½l9¢²½t
ʯ ǅ 1 ǃ 5 ǌ˜ɖ˨˕˱ʿˠ£ǻƩɆ˸Ŏúˏ˴Ȟ˟̶̞́̽̿ˡ̨̋̕˽̩˸ɩ˳Kˈ˛
ʾ˴ɏF«̛̟̘̾́̆ˢy±ˌ˵˛ʾ˴˃(Srinivasan et al., 2012)( 3.10A)ʶ̶̞́̽̿˃
ǖǷɢ˸ʾ˙Ɣèˌ˵˴ˡ˂ˢĬ˲˂ˠˌ˵˛ʾ˟ʾʷɏF«̛̟̘̾́̆ˠ|˪˵˴
«ˡ
˜ Fezf2 ˖ˈ˃ƩɆƵǙTʪǖǷˠƦƗˍ˛ʾ˴ˊ˝˃~ˌ˵˛ʾ˴(Hirata et al., 
2004)ʷ˓ˡˡʶTbr1, Ctip2, Satb2ˠ˙ʾ˛ˢ̣̿̆̕Ɇ̼̫̻˜ˢK_̶̞́̽̿˜ˡ˫
ƦƗˍ˛ʾ˴ˊ˝˃~ˌ˵˛ʾ˴(Alcamo et al., 2008; Arlotta et al., 2005; Britanova et al., 
2008; Hevner et al., 2001)ʷˍ˂ˍʶTbr1ˠʀˍ˛ˢʶĸƲƾ˜ǙĮƧ̛̛̹̺̩̲̿̏̆́Ȧļ
ˠ˱˳ƵǙTʪǖǷˠ mRNA ˃ƦƗˍ˛ˁ˳ʶ˓ˡƦƗˢ Foxg1 ˠ˱˳ɏF̼̫̻˜āSˌ
˵˴ˊ˝˸Ĭ˲˂ˠˍ˕ʷ˜ˢʶFoxg1-Tbr1ǙɋˢƵǙTʪǖǷ˜ Fezf2ˡƦƗ˸ȳÀˍ˛Ű
Ǽ̶̞̽̿ˡɢ˸ˏ˴ˡ˂? Fezf2 ˡɏFˢ Fezf2 ɪ «Úˡˠ­ˏ˴̀̿
̡̿̋́ˡǘ˫x˷ˑˠ˱˳ȝʐˠSéˌ˵˛ˁ˳ʶƵǙTʪǖǷn˥ŰǼ̶̞̽̿˜
PʸˠSéˌ˵˛ʾ˴ˊ˝˃~ˌ˵˛ʾ˴(Eckler et al., 2014)ʷ˪˕ʶFezf2 mRNAˡƵǙT
ʪǖǷ˜ˡƦƗˢ caudomedial-high rostrolateral-lowˡ̣́̿̕˸ƴˍʶˊ˵ˢ Foxg1ˡƵǙ
TʪǖǷ˜ˡƦƗ˝ɘˡ]ɬ˸ƴˏ(Kumamoto et al., 2013)ʷˌ˲ˠ Foxg1ˡƦƗȁɍˮʶƵ
ǙTʪǖǷ˜ˢƦƗˍ˛ʾ˴˃ʶǻ´Ð˸ʑ˵˛ǖǷƺ\
ˢƦƗ˃āSˌ˵ʶCP ˠRɥ
ˏ˴˝E˥ƦƗ˸ɾ¨ˏ˴(Miyoshi and Fishell, 2012)ʷ£ǻƩɆ̶̞́̽̿ˡɢŢ±ˠˁ
ʾ˛ Foxg1 ˡƦƗˢɤƧ˟ìȞñ˜ˢ˟ˆʶǠǡƧ˟ìȞñ˜ʽ˴ˊ˝˃ƴˌ˵˛ʾ˴
ˡ˜ʶFoxg1-Tbr1-Fezf1 Ǚɋ˃ƵǙTʪǖǷˠˁʾ˛ŰǼ̶̞̽̿ˡɢ˸Ţ±ˍ˛ʾ˴
˝ˢǯˀˠˆʾʷç˘˛ʶˁ˓˲ˆ Foxg1-Tbr1-Fezf2 Ǚɋˠ˱˴ŰǼ̶̞̽̿ˡɢŢ±ˢ
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K_̶̞́̽̿˜ȕ˷˵˛ʾ˴˝ǯºˌ˵˴ʷˊˡˊ˝˸ěĈˏ˴˱ʿˠʶFoxg1˸ŰǼ̶̞̽
̿Ɯƛĵˡ E12.5 ˜ƦƗāSˏ˴˝ĸĺ Fezf2 ˸ƦƗˍŰǼ̶̞̽̿ˠ˟˴ˢːˡ CP ˡ
Tuj1ʈñˡĪĵK_̶̞́̽̿˃ Fezf2ˡƦƗ˸Ů¥ˍʶ˓ˡ˷˳ˠ Tbr1ˡƦƗ˸Ɣèˏ
˴ ( 3.15)ʷ 
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ʯ ˜ˢʶŰǼ̶̞̦̙̽̿̊̿̿̏˂˲Ǽ̶̞̦̙̽̿̊̿̿̏˧ˡƺȕˢ˞ˡ˱ʿˠS
éˌ˵˛ʾ˴ˡ˜ʽ˶ʿ˂͏Tɖˍ˕˱ʿˠʶǼ̶̞̽̿ˡK_ˢÂğˡŰǼ̶̞̽̿
˃K_ˍ˕Ĺ˜ˮȳÀ˜˄˴ˊ˝˱˳ʶÂ˟ˆ˝ˮɼɉʑ(ƝñˡSé˜ˢ˟ʾˊ˝˃ǯˀ˲
˵˴ʷ˪˕ʶØȷ 5 ǌ˜ɖ˨˕˱ʿˠʶʤ\Əˡǵƛĵɿ˯ǖǷĵˡɦʾʶKșŏÜ
ˡƢ˟˴ƵǙÕǖǷˠˁʾ˛ˮyˎƼʤˡǼ̶̞̽̿˸Ɯƛˏ˴ˠˢʶɏF̜̃̏̈́˸Q
Ɲˍ˕Dñɪ «̩̹̲̽̇ˠ+­ˏ˴ˊ˝ˢʒˍʾʷ˓ˊ˜ĸƲƾ˜ˢˊ˵˪˜ŋȩˌ˵
˛ʾ˟˂˘˕ʶǖǷʱǖǷɿˠ9ˆƱɉʑ(ƝñˡSé̴̻̚˸ēˍʶK_ˍ˕ŰÆ̶̞
́̽̿˂˲ˡƵǙÕǖǷ˧ˡ̧˼̢̜̘́̆œŎˠ˙ʾ˛ŋȬˍ˕ʷˊˡ˕˭ˠK_ˍ˕ŰÆ
̶̞́̽̿˸ɪ ®Ƨˠʅlˏ˴þť˸Ƴǂˍʶ̶̞́̽̿Ɯƛ̩̹̲̽̇˧ˡãʙ˸ȭ,ˍ
˕ʷ˓ˡǚľʶŰǼ̶̞̽̿ˡʅl˃ŰǼ̶̞̽̿ȁɍˡ̦̙̊̿̿̏˸Ûɼˏ˴ˊ˝˃
Ĭ˲˂ˠ˟˘˕ʷˊˡ³ʫ˜ˢǼ̶̞̽̿ˡƜƛˢŰǼ̶̞̽̿ˡƜƛˡÛɼ˝˝ˮˠ
ɠÛ˃˫˲˵ʶ£ǻƩɆˡǼ̶̞̽̿ˡǟ½ğˢŵÂ˃˫˲˵˴˃ʶĳǗƧˠŰÆ̀Æ
̶̞́̽̿ˡWx˃/Ĉˌ˵˴˝ʾʿǚľ˃ȟJˌ˵˕(ǅ 3ǃ 5ǌ)ʷˊˡˊ˝ˢʶ£ǻƩɆˡ
Ɯƛ̩̹̲̽̇˃ŰǼ̶̞̽̿˂˲Ǽ̶̞̽̿˧ˡƺȕɤƻˠˁʾ˛ʶŰǼ̶̞̽̿
ˡʅl˝ʾʿė\(perturbation)˸Yˀ˛ˮʶĳǗƧˠƜƛˌ˵˴̨̋̕˽̩ˡ̶̞́̽̿ˡ
̢̹̿̏˸/Ĉˏ˴œŎ˸ƴˍ˛ʾ˴ʷ£ǻƩɆ̶̞́̽̿ˡƜƛ̩̹̲̽̇˃K_ˍ˕̞
̶́̽̿˂˲ˡ̧˼̢̜̘́̆ˠ˱˳ȶĠˌ˵˴ˊ˝ˢʶƵǙɋ˸Ŏúˏ˴ǖǷƼˡğƧ̢̹
̿̏˸˝˴˕˭ˠʶ2&Ʀƛˡ˫˟˲ːǖǷĵ˯ǵƛĵĵɿ˃£˄ˆƢ˟˴ʤ\ƏƼ
ɿˠˁʾ˛ˮʶİɣƧ˟œØ˝ˍ˛ˢ˕˲ˆˊ˝˃˜˄ʶ£ǻĤƩɆˡ̋˽̐˝œǸ˸£˄ˆ 
_ˌˑ˕˙ˡȞ˝ˍ˛˝˲ˀ˴ˊ˝ˮ˜˄˱ʿʷ 
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ÃuÄt \Fg¨µ¾»½®¢¯963 Foxg1t
ʯ ĸƲƾ˜ˢ Foxg1 ˠ˱˴ Tbr1 ˡǺāS̓DñSé̈́˝K_ŰǼ̶̞̽̿˂˲ˡ̧˼̜́
̢̘̝̻̆̍̇(¡ñSé)˃ŰǼ̶̞̽̿˝Ǽ̶̞̽̿ˡŜʊƧƜƛ˝ɨL˟̕˽̱
̿̇˜ˡ̦̙̊̿̿̏ˡL˳Ĳˀ˸Séˍ˛ʾ˴ˊ˝˸ƴˍʶǼ̶̞̽̿K_Ţ±ˡĮɿƧ
SéˡœØ˃Ĭ˲˂ˠ˟˘˕ʷ˜ˢʶ£ǻƩɆ̶̞́̽̿Ɯƛ̩̹̲̽̇ˠˁˈ˴ Foxg1ˡœ
ǸˢĳNˡƜƛ̩̹̲̽̇ˡL˳Ĳˀˠơ˪˴ˡ˂?ʯ ˊˡƇˠ˙ʾ˛ŋȬˏ˴˕˭ˠʶŰÆ
̶̞́̽̿Ɯƛĵ˸ɤ˅˕Ǽ̶̞̽̿Ɯƛĵ˜ˡ Foxgˡ̊̿̚˼̸̝̻̠̘̍̆˻˾̛ˠ
˙ʾ˛Ȧļ˸ȕ˘˕ʷˊˡĹ˜ˢʴTbr1āSˠ˱˴Ă¿̶̞́̽̿Ɯƛ̩̹̲̽̇ˡɾ¨ʶ
ʵŰǼ̶̞̽̿Ɯƛ˝̦̙̊̿̿̏ˡǗǚʶ˸Ź˕ˍ˛ʾ˴˕˭ʶȪ 2 ˙ˡSé˃Æ̞
̶́̽̿ˡK_ˡìȞbKĹ˜ʽ˴˟˲ˣʶǼ̶̞̽̿ˢŗÑˠK_ˏ˴ˊ˝˃Ÿˌ
˵˕ʷˍ˂ˍ˟˃˲ʶFoxg1 ˡ E14.5 ˡ̠̘̆˻˾̛̰˾̏˜ˢ Satb2 ʈñʶBrn2 ʈñˡʾː˵
ˡǼ̶̞̽̿ˮK_˃ȱ˭˲˵˟˂˘˕(ǅ 3ǃ 6ǌ)ʷˊˡǚľ˱˳ʶǼ̶̞̽̿ˡK
_ˠˢ<ˡ 2˙ˡȞˠYˀʶFoxg1˝˓ˡŪ«ˠ˱˴Sé˃ìȞ˜ʽ˴ˊ˝˃ƴˌ˵˕ʷ
˓ˊ˜ʶǼ̶̞̽̿ˡƵǙÕǖǷˠˁʾ˛ƐƢƧˠ Foxg1 ˡāSˠíǉˏ˴ɪ «˸
ĐǕˍ˕ǚľʶǅ 4 Ǽ̶̞̽̿ˡ̰́̃́ɪ «˝ˍ˛~ˌ˵˴ Unc5d ˃˓ˡ3țˡ
˙˝ˍ˛y±ˌ˵˕(ǅ 3ǃ 7-8ǌ)ʷˌ˲ˠ Foxg1ˡǖǷǑȻ˸ Foxg1LacZ/-̼̯́́̕˸ĉŐ˝
ˍ˛Ȧļˏ˴˝ʶUnc5dƦƗǖǷ˝ Foxg1ƦƗǖǷˡǑȻˢˮ˝ˮ˝BɚˡǑȻˠ|˪˵˴˃ʶ
Foxg1 ˡƦƗˡĴƉˠ˱˘˛˓ˡǑȻ˃KÈˍ˛ʾ˴ˊ˝˃ƴˌ˵˕(ǅ 3ǃ 9ǌ)ʷˊˡ

˜ʶǼ̶̞̽̿Ɯƛĵ˜ Foxg1 ʈñǖǷˢ Satb2ʶBrn2 ʈñǖǷ˸Ɯƛˏ˴ĥʶ
Foxg1 ̠̘̆˻˾̛̰˾̏ˠˁʾ˛ˢǼ̶̞̽̿Ɯƛĵ˜ˢ Unc5d ʈñǖǷ˃Ɯƛˌ˵˴
ˡ˜ʶFoxg1 ˡƦƗ˃ Unc5d ʈñˡ 4 Ǽ̶̞̽̿˧ˡK_˸āSˏ˴ˊ˝˜ Satb2ʶBrn2
ʈñˡǼ̶̞̽̿˧ˡK_Ţ±˃ȕ˷˵˛ʾ˴ˊ˝˃ƴˌ˵˕ʷ£ǻƩɆˡÆ̶̞
́̽̿ˡǅ 2/3Æ˝ǅ 4ÆˡǑȻˡʀ.ˠ˙ʾ˛ˢˊ˵˪˜Ĭ˲˂ˠˌ˵˛ʾ˟˂˘˕˃ʶȄ
Űʾˊ˝ˠʶSatb2 ˡ̠̘̆˻˾̛̰˾̏ˡȦļ˂˲ʶSatb2 ˸ŔĖˍ˕̶̞́̽̿˜ˢ Unc5d
ˡ˽̛̿̽̿ RNAˡƦƗǖǷ˃Yˏ˴ˊ˝˃~ˌ˵˛ˁ˳̓Britanova et al., 2008̈́ʶˌ˲ˠ
ˡƲƾˠ˱˳ Foxg1 ˃Ǽ̶̞̽̿ˡƵǙÕǖǷˠˁʾ˛ Unc5dʈñǖǷ˧ˡK_
˸āSˍʶSatb2/Brn2 ʈñǖǷ˸Ƞ±ˍ˛ʾ˴˝ʾʿĤ˕˟ƴ˃è˲˵˕ʷˊˡˊ˝ˠ˱˳ʶ
Foxg1 ˝ Satb2 ˃ǅ 4 Ǽ̶̞̽̿˸āSˏ˴ˊ˝˜ǅ 2/3 Ǽ̶̞̽̿ˡK_˸ŗˠSéˍ
˛ʾ˴ˊ˝˃ƴˌ˵˴ʷ 
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ÃuÅt t\FgNÃ¨µ¾»½D@h<t
ʯ Unc5d ʈñǖǷ˸*ǝˏ˴ƵǙÕǖǷˢʶŗÑ˟£ǻƩɆƦƛˠˁʾ˛ˢ˞ˊˠ­ˏ
˴ˡ˂?ˊˡƇˠʀˍ˛æˡŋȩ˃ìȞ˜ʽ˴˃ʶˊˊ˜ˢʾˆ˙˂ˡuǸñ˸Ċˉ˛ǯº
ˍ˛ʾ˄˕ʾʷFoxg1 ʆñˡƵǙÕǖǷˡ*ǝź˝ˍ˛ˡuǸñˢʶ1) ˡĂ¿̶̞́̽̿
ˡƵǙTʪǖǷɫ$˝yˎˆǴ7ǻ´Ðʶ2)Ǵ7ǻ´Ð¡ˡɈźʶˡ˙ˡuǸñ˃ǯ
ˀ˲˵˴ʷ1)ˠ˙ʾ˛ʶFoxg1ˡ>ƣǘǩŀȇ˸ȕʿ˝ǻ´Ð˝ƩɆĻ˃Öˆŀȇˌ˵˴˃ʶǖ
Ƿ̼̫̻˜Ŧƫˍ˛˫˴˝ƦƗ̼̫̻ˠɦʾ˃ʽ˴ˡ˃Ȥºˌ˵˴ʷ˓ˡ˕˭Ǵ7ǻ´Ðˠ
Foxg1 ˡƦƗ˃%ʾƵǙÕǖǷ˃­ˍʶ˓ˊ˂˲ Unc5d ʈñǖǷ˃ũƛˏ˴uǸñ˃ǯ
ˀ˲˵˴ʷ³ʌˠʶǅ 2/3ÆǼ̶̞̽̿˜ʽ˴ Cux2ʈñǖǷˢʶÂ˟ˆ˝ˮ˓ˡɫˢ
ˡĂ¿̶̞́̽̿˝ƒǂˍ˕ƵǙTʪǖǷ˂˲Ɯƛˌ˵˛ʾ˛ʶ˓ˡɈźˢǴ7ǻ´Ð˜Ʃ
ɆâúNĵ˂˲­ˏ˴ˊ˝˃~ˌ˵˛ʾ˴(Franco 2012)ʷ2)ˠ˙ʾ˛ˢʶFoxg1ʆñƵǙ
TʪǖǷ˃£ǻƩɆ¡ˡʠˠ­ˍʶ˓ˊ˜Ɯƛˌ˵˕ Unc5dʈñǖǷ˃ƩɆDˠđǥ
ĥzˡƺ\̓£ǻƩɆȘʘˠ	ȕˍ˕ƺ\̈́˸ˍ˛ǅ 4Æ˸âúˏ˴uǸñ˃ǯˀ˲˵˴ʷ
³ʌˠ Foxg1 ˝ Unc5dˡ>ƣǘǩŀȇ˸ E14.5ˡ̰˾̏£ǻƩɆ˜ȕʿ˝ʶƩɆʳǥĹ&
Ơ(pallial-subpallial boundary: PSB) ʠˠ Foxg1ƦƗʆñǖǷ˃ȟ˲˵˴ʷɞ_ʶˊˡʠ
ˢǴ7ǻ´ʉɈ̓dorsal ventricular ridge: DVR)˝ˡƭyñ˃ĉĘˌ˵˛ˁ˳ʶ̛̺ˡ£ǻˠ
ˁˈ˴ȡ×@XǖǷ˃Äˏ˴ʠ˜ˮʽ˴˃ʶ˓ˡʀ.ñˠ˙ʾ˛ˢƗˡ˝ˊ˶ȷ˃
Ǫ˳Öˉ˲˵˛ʾ˴(Belgard et al., 2013; Dugas-Ford et al., 2012; Reiner, 2013; Suzuki et al., 
2012)ʷȄŰʾˊ˝ˠ PSB ʠˢ̰˾̏ˠˁʾ˛ CR ǖǷˡƜƛ̜̳˽̿˝ˍ˛ư˲˵˛ˁ˳
(Bielle et al., 2005)ʶ˪˕ǅ 3ǃ 9ǌ˜ƴˍ˕˱ʿˠ Foxg1ŔḚ̇˾̏ˡ£ǻ˜ˢ Unc5dʈñ
ǖǷˡ̦̙̊̿̿̏˃CRǖǷ̦̙̊̿̿̏ˡæˠȳÀˌ˵˴ˊ˝˂˲ʶUnc5dʈñǖǷˡ*ǝ
ź˝ˍ˛ PSBʠ˃ˤ˝˙ˡ3ț˝ˍ˛ǯˀ˲˵˴ʷˊˡȵ˸ŋȬˏ˴˕˭ˠˢʶPSBʠ
ˠ Foxg1ʆñˡƵǙÕǖǷ˃­ˏ˴ˊ˝ʶˌ˲ˠ˓ˡƵǙÕǖǷ˂˲£ǻƩɆǅ 4Æ̶̞
́̽̿˃ũƛˏ˴ˊ˝˸ƴˏìȞ˃ʽ˴ʷˊˡ˕˭ˠƗʶFoxg1ˡɪ «Úˠ Cre ˸̠̘̆˽
̿ˍ˕ Foxg1Cre/+̰˾̏ˠʶCre +­Ƨˠ̼̯́́̕ˡȒ=̣̿̆̕Ɇ˃L˳Ĳ˷˴̏˽̘̗̫
̆́̕˸«µDʓşǀ¬ť˜À@ˏ˴³ʫ˸ɞ˭˛ʾ˴ʷˊˡþť˸Ɲʾ˴˝ǘĔˀTˡǖ
Ƿˢ RFP ̼̯̣́́̿̆̕̕Ɇ˸ƦƗˏ˴˃ʶFoxgͅ˝ Cre ̺̥̝̊̿́̒˃ƦƗˏ˴˝ GFP
ƦƗˠL˳Ĳ˷˴˕˭ʶÀ@ˍ˕ǖǷ˜ˡ Foxg1 ˡƦƗÇŘ˸ȶ˨˴ˊ˝˃uǸ˝˟˳ʶŐȺ
ǖǷˡɗɊˠ˱˳̶̞́̽̿ˡ̨̋̕˽̩ˡy±˸ȕʿˊ˝˃uǸ˝˟˴˕˭ʶ2̈́ˡȵ˃ŋ
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ʯ Øȷ˜ɖ˨˕˱ʿˠʶ£ǻƩɆƵǙÕǖǷˢƦƛˡɞȕˠçʾ CRǖǷʳŰǼ̶̞̽̿ʳ
Ǽ̶̞̽̿˸ˊˡʜØ˜ƜƛˍʶǦ¹˟ƵǙɋ˸âúˏ˴ˊ˝˜ʭŕˡǻœǸŎɜ˸
Ŏǎˏ˴ʷʯ Ɨ˪˜ʶŰǼ̶̞̽̿˂˲Ǽ̶̞̽̿˧˝ƵǙTʪǖǷˡ̦̙̊̿̿̏˸
L˳Ĳˀ˴œŎʶ˪˕Ǽ̶̞̽̿ˡK_˸Séˏ˴œŎˠ˙ʾ˛ˢȦĬˌ˵˛ʾ˟˂˘
˕ʷ 
ʯ ĸƲƾˠ˱˘˛ʶFoxg1ˢ Tbr1ˡƦƗ˸āSˏ˴ˊ˝ˠ˱˳ŰǼ̶̞̽̿ʳǼ̶̞̽̿
ˡɝǡƧ˟Ɯƛ̩̹̲̽̇˸ɾ¨ˌˑ˴ˊ˝˸Ĭ˲˂ˠˍ˕ʷ˓ˍ˛ʶŰǼ̶̞̽̿˂˲Æ
̶̞́̽̿Ɯƛ˧ˡL˳Ĳˀˠˢ£ǻƩɆƵǙTʪǖǷˡSéœŎ˝ˍ˛ˢN˭˛ʶK_Ű
Ǽ̶̞̽̿˂˲ƵǙTʪǖǷ˧ˡɀˡ̧˼̢̜̘́̆˸Ɲʾ˛ʾ˴ˊ˝˸ȦĬˍ˕ʷˊˡ˱ʿ
ˠʶŰǼ̶̞̽̿̀Ǽ̶̞̽̿ˡƜƛˢʶƵǙÕǖǷȁɍˠ̜̊́ˌ˵˴ɪ «̩̽̇
̹̲(Dñ̳̞̲̃̐)˝ħˠƜƛˌ˵˕̶̞́̽̿˂˲ˡ̧˼̢̜̘́̆(¡ñSé)ˡ 2 ˙
˸Ǟxˍ˛ʶǖǷˡDɫô˖ˈ˜ˢ˟ˆ¡ɫôˮqèˏ˴̙̲̍̏˸Ɲʾ˛ʾ˴ˊ˝˃˷
˂˘˕ʷ 
ʯ ˪˕ĸƲƾ˜ˢǼ̶̞̽̿ˠˁʾ˛ǅ 4Ǽ̶̞̽̿˝ǅ 2/3Ǽ̶̞̽̿ˡ˻˽̙̿̚
˼̙˼ƳǂˡK«ƪ˃Ĭ˲˂ˠˌ˵˕ʷŰǼ̶̞̽̿Ɯƛĵ˜ CR ǖǷ˧ˡK_Ǹ˸ā
Sˍ˛ʾ˕ˡ˝yŏˠʶǼ̶̞̽̿Ɯƛĵ˜ˮɏF« Foxg1 ˃ Unc5d ʈñǖǷ(ǅ 4
Ǽ̰̃́˝Ē±)˧ˡK_Ǹ˸āSˏ˴ˊ˝˜ʶǅ 2/3Ǽ̶̞̽̿˧ˡK_˸Séˍ˛ʾ˴
ˊ˝˸ȦĬˍ˕ʷ 
ʯ ĸƲƾˠ˱˳Ɨ˪˜Ĭ˜ʽ˘˕Ǽ̶̞̽̿ˡK_Séˠ˙ʾ˛ʶƵǙÕǖǷˢD
Ƨ˟ɪ «̩̹̲̽̇ˡ˫˟˲ːʶħˠK_ˍ˕̶̞́̽̿ˡô˸Ɲʾ˴ˊ˝ˠ˱˳ʶǻˡ
̋˽̐ˡ _˯ʶǵƛĵɿʶǖǷĵˡ£˄˟ _˟˞ˠ½ˏ˴ɨíX˃ʭʾSéœŎ˸
Ɲʾ˛ʾ˴ˊ˝˃àˆƴˌ˵˕ʷˊˡ˱ʿ˟Ƣ˟˴œǸˠƐ_ˍ˕ǖǷɿˡğƧ̢̹̿̏˸/
Ĉˏ˴œŎˢʶǻˡ˫˟˲ːˡ°ƦƛˠˮɨƝˌ˵˛ʾ˴ˊ˝˃Ÿˌ˵˴˕˭ʶĸƲƾ
˃ǶƦƛˡʟàˌ˸ěˀ˴kƙȦĬˡZ˝˟˴ˊ˝˸ĵäˏ˴ʷt
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図3.2 CR細胞産生は Foxg1の発現により抑制される
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図3.5 深層→上層ニューロンへのコンピテンス移行を制御する機構（仮説）
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ࢸࣥࢫ࡟ࣂ࢖࢔ࢫࡉࢀࡿࣔࢹࣝࠋ2) እᅉᛶไᚚࣔࢹࣝࠋ῝ᒙࢽ࣮ࣗࣟࣥ⮬㌟ࡢ⏘⏕ࡀୖᒙ
ࢽ࣮ࣗࣟࣥ࡬ࡢࢥࣥࣆࢸࣥࢫ⛣⾜ࢆㄏᑟࡍࡿࣔࢹࣝࠋࡇࢀࡽࡢ௬ㄝࡣ㠀᤼௚ⓗ࡛࠶ࡿࠋ
CR DL DL UL UL UL
Foxg1 Intrinsic Program
CR DL DL UL UL UL
1) Intrinsic Regulation
2) Extrinsic Regulation
AND/ OR
図3.6 Foxg1ノックアウトマウスの少数細胞への Foxg1導入
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図3.7 Foxg１の導入は深層ニューロン•上層ニューロンの産生を誘導する
(A) ᐇ㦂ࢹࢨ࢖ࣥࠋ(B) GFP, Ctip2, Satb2ࡢච␿⤌⧊ᰁⰍࠋࡇࢀࡽࡢࢹ࣮ࢱࡣྠࡌ෾⤖ษ∦ࢧࣥࣉࣝࡢ
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▮㢌ࡣ␗࡞ࡿࢳࣕࣥࢿࣝ㛫ࡢྠࡌ⣽⬊ࢆ♧ࡋ࡚࠸ࡿࠋScale bars: B, C (ᕥ )100 +m; (ྑ ) 10 +m.
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図3.8 Ctip2 及び Satb2陽性細胞は Foxg1導入系譜から産生される
(A)ࠉᐇ㦂ࢹࢨ࢖ࣥࠋ(B) YFP, Foxg1, Ctip2, Satb2ࡢච␿⤌⧊ᰁⰍࠋྑࣃࢿࣝࡣᕥࣃࢿࣝࡢ㧗ಸ⋡෗┿ࠋ
▮㢌ࡣ⾲グࡉࢀࡓ 2ࡘࡢ࣐࣮࣮࢝㑇ఏᏊࡢ஧㔜㝧ᛶ⣽⬊ࢆ♧ࡍࠋScale bars: 10 +m.
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図3.9 深層→上層ニューロンの産生順序は Foxg1の下流で制御されている
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EdU࡛ᶆ㆑ࡉࢀࡿ๭ྜࡢᐃ㔞ࠋ⤖ᯝࡣࠊᖹᆒ್sS.E.M. **P < 0.05. ࡛♧ࡋࡓࠋScale bars: 50 +mࠋ
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図3.10 Foxg1は転写因子Tbr1の発現を抑制する
(A) ᒙࢧࣈࢱ࢖ࣉⓎ⌧㌿෗ᅉᏊࠊTbr1, Fezf2, Satb2, Ctip2ࡢ㌿෗ไᚚ㛵ಀࡢᶍᘧᅗࠋ(B) ᐇ㦂ࢹࢨ࢖ࣥࠋ
(C) Foxg1෌Ⓨ⌧⓶㉁๓㥑⣽⬊ࡢ⤒᫬ⓗࢺࣛࣥࢫࢡࣜࣉࢺ࣮࣒ࡢࣄ࣮ࢺ࣐ࢵࣉゎᯒࠋⰍ್ࡣ 5 dataset 
(E14.5, E15.0, E15.5, E16.5 and E15.5 Dox+ negative control) ANOVA cluster analysis࡟ࡼࡾ Foxg1
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ࡢ fold changeࢆ♧ࡍࠋTbr1 ࣉ࣮ࣟࣈ : E16.5/E14.5 (log2) = -0.9445 (log10 = -1.9245)ࠋࢹ࣮ࢱࡣࠊ஧
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図3.11　大脳皮質発生におけるTbr1と Foxg1の発現パターン
Rabbit anti-Tbr1 (Abcam) ཬࡧ goat anti-Foxg1 (Santa Cruz Biotechnology)ᢠయࢆ౑⏝ࠋ
Scale bars: 50 +m.
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図3.12 Foxg1は Tbr1 プロモーターの転写活性を抑制する
(A) Tbr1㑇ఏᏊᗙࡢ඲యᅗ (top)࡜ Phylop࡟ࡼࡿ့ங㢮ಖᏑ㡿ᇦ (bottom)ࠋTbr1ࣉ࣮ࣟࣔࢱ࣮㡿ᇦࡢ
ண ㌿෗ᅉᏊ⤖ྜ㡿ᇦࠋ(B) Tbr1ࣉ࣮ࣟࣔࢱ࣮㡿ᇦࢆ⏝࠸ࡓࣝࢩࣇ࢙࣮ࣛࢮ࣏࣮ࣞࢱ࣮࢔ࢵࢭ࢖ࠋ
Foxg1ࡢⓎ⌧ࡣࠊTbr1ࣉ࣮ࣟࣔࢱ࣮άᛶࢆ 31%±2.9%పୗࡉࡏࡿࠋ࢚࣮ࣛࣂ࣮ࡣࠊ3ᅇࡢᐇ㦂࡟ࡼࡗ
࡚ᚓࡽࢀࡓࢹ࣮ࢱ࡟ᇶ࡙ࡃᶆ‽ㄗᕪ࡛⾲♧ࡋ࡚࠸ࡿࠋ⤫ィゎᯒࡣStudent's t-test, **P < 0.01࡟ࡼࡾ⾜ࡗ
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図3.13 Foxg1導入細胞ではTbr1の発現が抑制される
(A) ᐇ㦂ࢹࢨ࢖ࣥࠋ(B-C) Foxg1ᑟධ Foxg1-/-࣐࢘ࢫ኱⬻⓶㉁ E18.5࡟࠾ࡅࡿ GFP, Tbr1, Ctip2, Fezf2
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図3.14 Foxg1導入細胞でTbr1は Fezf2/Ctip2 に先行して発現抑制される
(A) ᐇ㦂ࢹࢨ࢖ࣥࠋ(B-C) Foxg1ᑟධ Foxg1-/-࣐࢘ࢫ኱⬻⓶㉁ E18.5࡟࠾ࡅࡿ GFP, Tbr1, Ctip2, Fezf2
ࡢච␿⤌⧊ᰁⰍࠋྠࡌࣃࢿࣝෆࡣࡑࢀࡒࢀྠࡌ෾⤖ษ∦ᰁⰍࡢ␗࡞ࡿࢳࣕࣥࢿࣝࡢ⤌ࡳྜࢃࡏࢆ♧ࡍࠋ
ྑࣃࢿࣝࡣᕥࣃࢿࣝࡢ㧗ಸ⋡෗┿ࠋScale bars: ᕥࣃࢿࣝ ,50+m; ྑࣃࢿࣝ , 10+m.
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図3.15 Foxg1の発現抑制はTbr1の発現上昇と Fezf2 の発現抑制を引き起こす
(A) ᐇ㦂ࢹࢨ࢖ࣥࠋDoxࢆ E12.5࠿ࡽᢞ୚ࡋࠊE14.5࡛ゎᯒࢆ⾜ࡗࡓࠋ(B) Tbr1, Tuj1ࡢච␿⤌⧊ᰁⰍࠋ
(C) Tbr1, Fezf2, Ctip2ࡢච␿⤌⧊ᰁⰍࠋྠࡌࣃࢿࣝෆࡣྠ୍ษ∦ࡢ␗࡞ࡿࢳࣕࣥࢿࣝࢆ♧ࡍࠋScale 
bars: 50 +m. (D) ᐇ㦂ࢧ࣐࣮ࣜࠋFoxg1ࢆࢥࣥࢹ࢕ࢩࣙࢼࣝࣀࢵࢡ࢔࢘ࢺࡍࡿ࡜ Tuj1㝧ᛶࡢ᪩ᮇศ໬
ࢽ࣮࡛ࣗࣟࣥ Tbr1ࡢⓎ⌧ࡀୖ᪼ࡋࠊFezf2ࡢⓎ⌧ࡀᢚไࡉࢀࡿࠋ
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図3.16 Foxg1導入細胞は神経幹細胞が apical および basal process を伸長する
(A) ᐇ㦂ࢹࢨ࢖ࣥࠋFoxg1-/-࣐࢘ࢫࢆ౑⏝ࡋࡓࠋ(B) 50+mษ∦ࡢ GFPᢠయ࡟ࡼࡿච␿⤌⧊ᰁⰍࠋFoxg1
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ࡿ (࣮࢜ࣉࣥ▮㢌 )ࠋScale bar; 50+m.
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図3.17 Foxg1導入細胞ではTbr1は Fezf2/Ctip2 より先行して発現抑制される
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図3.18　深層ニューロンの遺伝学的アブレーション
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図3.19 深層ニューロンを除去しても最終的なニューロンの産生比は保たれる
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0.01࡛♧ࡋࡓࠋScale bars: 50+m.
A
B
C
D
E
Ctip2/Zfpm2EdUCtip2/Zfpm2EdU
Satb2EdUSatb2EdU
100
80
60
40
20
0 S
at
b2
+ / 
E
dU
+  c
el
ls
 (%
)
30
25
20
15
10
0
5
 C
tip
2 
Zf
pm
2+
/ E
dU
+  c
el
ls
 (%
)
Ctip2/Zfpm2EdU
Satb2EdU
D
L-
ab
la
te
d
C
on
tro
l (
C
re
-)
D
L-
ab
la
te
d
C
on
tro
l (
C
re
-)
DL-ablatedControl 
**
DL-ablatedControl 
*
Tamoxifen (10mg) EdU
Neurog2CreER/+; Rosa26 loxp-STOP-loxp-DTA
E11.5 12.5 13.5 14.5 18.5
Analysis
Cux1EdUCux1EdUCux1EdU
30
20
10
0 
C
ux
1+
/ E
dU
+  c
el
ls
 (%
)
40
50
Control DL-ablated
**
D
L-
ab
la
te
d
C
on
tro
l (
C
re
-)
Cre ER
Neurog2 locus
stop DT-AROSA
DT-A
Neurog2CreER/+ Rosa26-stop-DTA line
×
+Tamoxifen
H
CR神経前駆細胞
早期分化ニューロン
CR細胞 深層ニューロン 上層ニューロン
Satb2Ctip2
Fezf2
Ctip2
Fezf2
Tbr1
Reelin Cux2Brn2
Eya2
Dmrt3
CR神経前駆細胞
早期分化ニューロン Satb2Tbr1Reelin Cux2Brn2
Eya2
Dmrt3
C
on
tro
l
D
L-
A
bl
at
ed
A
B
C
D
E
F
G
図3.20 深層ニューロンのアブレーションは深層ニューロン→上層ニューロンコンピテンスの切り替え
を遅延させる
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図3.21 大脳皮質ニューロンのコンピテンス移行制御メカニズム
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図3.22 大脳皮質ニューロンのコンピテンス移行制御機構の解析
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図3.23 Foxg1欠損神経幹細胞は上層ニューロンに分化できない
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図3.24 上層ニューロンの前駆細胞では Foxg1非依存的にCR細胞のコンピテンスが喪失している
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図3.25 上層ニューロン産生期では深層ニューロン産生期とは異なる標的因子を Foxg1は抑制してい
る
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図3.26 上層ニューロン前駆細胞における Foxg1下流標的遺伝子のスクリーニング
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図3.27 上層ニューロン産生期において Foxg1はUnc5dの発現を抑制している
(A) ᐇ㦂ࢹࢨ࢖ࣥࠋᢚไ᫬ᮇ࡟ࡼࡿᛂ⟅ᛶࡢᕪࢆ᳨ドࡍࡿࡓࡵ࡟ Foxg1ࢥࣥࢹ࢕ࢩࣙࢼࣝࣀࢵࢡ࢔࢘ࢺ
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図3.28 大脳皮質における Foxg1とUnc5dの相補的な発現パターン
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図3.29 Foxg1の発現抑制によって2/3層ニューロン (LacZ+) が４層ニューロン (Unc5d+) へと分
化転換する
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図3.30 Foxg1-/-マウスでもUnc5d陽性細胞は正常に産生される
(A) ᐇ㦂ࢹࢨ࢖ࣥࠋFoxg1ࣀࢵࢡ࢔࢘ࢺ࣐࢘ࢫ࡟ E13.5ࡲࡓࡣ E15.5࡛ BrdUࡢࣃࣝࢫࣛ࣋ࣝࢆ⾜࠸ࠊ
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図3.31 Foxg1による上層ニューロン分化制御機構
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